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COTTON UTILIZATION INVESTIGATIONS 
COTTON LINT 


Structure of Cotton Fiber 


The shape of individual cotton fibers and the dimensional changes 
which they undergo on wetting with water are related to the performance 
of many cotton products and to research on improving the serviceability 
of textiles for various uses. 


Cross sectional dimensions of both wet and dry cotton fibers have 
been measured on photomicrographs of cross sections obtained by im- 
bedding the fibers in methyl methacrylate according to a specially de =" 
veloped technique. Cross sectional area was measured with a planimeter 
and perimeter with a perimetron developed for the purpose at the 
Southern Laboratory. Changes due to mercerization have also been 
measured, showing increase in area and decrease in perimeter for every 
cotton variety tested. 


A fiber orifice test has been derived from the yarn orifice test 
to provide a means of evaluating different raw cottons for use in self- 
sealing fabrics. The results obtained in most cases parallel those ob- 
tained with the yarn orifice test. 


Three distinct methods are being investigated as indirect measures 
of the water swelling capacity of cotton. All three measure the most 
firmly held water in wet cotton. They measure, respectively, water re- 
tained by wetted fibers after (1) centrifuging, (2) hydraulic, expres~" . 
sion of the water , and (3) drying over a 2 desiccant ._ ; 


Strength of Single Fibers 


The relationship of fiber strength to fiber length in a given cot- — 
ton variety is being determined by means of the single fiber strength 
tester developed at this Laboratory. Samples of cotton are sorted into 
uniform length groups and fibers from each length group are tested 
separately. In general, the strength of individual fibers decreases 
with increasing length. This, however, is due to an increase in fine- 
ness with increased length, for the strength per unit area increases 
with length. 


Measurements of the static endurance of single fibers and of cords 
made from the same cotton have shown the behavior of both the’ single 
fibers and tle cords to be governed by the same laws. This is in agree- 
ment with similar studies made on flexure. endurance. 


Crystalline-Amor phous Ratio of Cellulose 
fall is Nitric icemaker sats Aeid okecie eis Macrae Phe oe sell 


The acid hydrolysis method for determining the crystalline- 
amorphous ratio has been investigated very carefully from the stand- 
point of sample preparation. Since grinding to finer particle size de- 
creases the ratio ofcrystalline to amorphous material, it is necessary 
to control closely the grinding of analytical samples. 


Freezing and Nonfreezing Water in Cotton 
ee a ae Se aeRO Oe ne eee 


The relative amounts of freezing and nonfreezing water in cotton 
fibers of different types have been determined calorimetrically, and 
the results have been interpreted on the basis of the generally ac- 
cepted structure of the cotton cellulose. Estimations of the crystal- 
line-amorphous ratio made from these data agree fairly well with those 
determined by acid hydrolysis of the fiber. 


Degradation of Cotton Cellulose by Acidified Alcohol 
a a ce gee ae en ee 


The degradative action of methyl alcoholic acid solutions on cotton 
cellulose has been further followed using a specially developed analyt- 
ical method for the determination of glucosidic methoxyl. The alcoholy- 
Sis rates at various temperatures are now being determined. The new 
method is being applied to other fundamental investigations of cellulose. 


Carboxymethyl Cotton 


If cotton is made to react with monochloracetic acid in the 
presence of mercerizing caustic, carboxymethyl group may be introduced 
into the cellulose molecule with a resulting increase in swellability 
by water. } 


Optimum conditions have been established for the addition of one 
Such group per 20-25 glucose residues. This amount of substitution 
gives a more quickly swellable yarn without greatly affecting appear- 
ance, hand, or strength as compared with a corresponding mercerized 
yarn. When these treated yarns were woven into cloth, however, there 
was no improvement in the impermeability of the cloth to water. A 
number of metal salts of the carboxymethylated yarns and cloth have been 
prepared. The copper, silver, and mercury salts have been found to be 
comparable in their resistance to microorganisms to cotton impregnated 
with copper naphthanate,. 


Phosphorylated Cotton as an Ion Exchange Material 
a SY COR AS eA 2 ON Se CHAUE S CANE Le tks 


Phosphorylated cotton cellulose, having one phosphate group per 
1-2 glucose residues, has been tested as a Gation exchanger. The ex- 
change capacity is high, averaging more than 1,000 milli-equivalents 
per kilogram, which compares favorably with commercial ion exchange 
resins. The sample tested failed after 4 months of use, apparently 
owing to agee 


Dye Test for "Mature" and "Immature" Cottons 


Work at the Southern Laboratory in cooperation with a large 


southern mill which had encountered.difficulties in the manufacturing 
and ‘dyeing behavior of a certain type of cotton led to the development 
of a comparatively simple method for determining certain important 
qualities of cotton. It was found that the trouble experienced was 
caused by the presence of an unusually large proportion of flat-shaped, 
thin-walled undeveloped fibers commonly referred to as "immature" cot- 
ton. The method distinguishes between the "immature" and the full- 
bodied normal cotton by utilizing the differential dyeing character - 
istics of these two types of fibers. For example, a sample of the cot- 
ton is taken from the bale and dyed in a bath containing a mixture of a 
Specially selected red and green dyes. On removal from the dyebath cer 
tain fibers have dyed green while others have dyed red. “Microscopic 
examination shows that the green-dyed fibers are the "immature" fibers 
while the red-dyed fibers are fully matured. 


The application of this differential dyeing technique is being 
studied further. It promises to be of considerable value to those in- 
terested in studying the development of seed cottons of particular 
varieties and strains from their early stages of growth. Cotton manu- 
facturers are interested in the possibility of using the technique to 
weed out bales of "immature" cotton which might be difficult to process, 
one firm advising that a shipment of several bales was rejected on the 
basis of this test. 


Rotproofing Cotton by Partial Acetylation 


A highly rot-resistant cotton prepared through the chemical modifi- 
cation of cotton yarn and cloth by a process of partial acetylation has 
been described in previous reports. This relatively new product has ad- 
vantages over ordinary rotproofed goods in that it is not discolored, 
odorous, sticky, nor toxic. 


Since partially acetylated cotton is not yet being manufactured for 
the market, it is being produced at the Southern Laboratory, in both 
yarn and cloth form, ona pilot-plant scale with commer cial-type 
machinery for service trials for various purposes. Yarn, which is being 
acetylated in the package dyeing machine in amounts up to 6-10 pounds 
‘per run; is proving of particular interest for fishing gear. The main 
interest at present in use of the cloth, which is being acetylated sc- 
cessfully at full width on a dye jig in lengths up to 75 yards, is as a 
base fabric in "varnishing" for electrical insulation, and in lamination 
with plastics. Important properties which partially acetylated fabric 
possesses for such uses are electrical resistance and heat resistance. 
The latter property may be of value in curing as well as during service. 
Although partially acetylated cotton is considered heat-resistant, it 
has plastic properties at relatively high temperatures, and these are 
being studied as of possible advantage in certain uses, 

The modified cotton has proved to be the best material yet found. 
for bags subject to rotting in domestic water-softening systems. Sam- 
ples are also on trial for use in protecting hams in overseas ship- 
ments; for covering cheeses; and for use in shoe lining, seedbed 
covers, and sewing thread for outdoor exposure. . 


Improving Weather Resistance of Cotton Fabrics 


Research on weathering of cotton fabrics is now almost entirely 
concerned with determining, as accurately as possible, the part played 
by the individual destructive forces involved in weathering, as a guide 
to development of improved finishing treatments. 


-A’ special exposure cabinet has been constructed in which fabric 
samples may be subjected under controlled conditions to the action of 
different wave lengths found in solar radiation. With use of this nor- 
mal incidence exposure cabinet, data have been collected through the 
year on ambient air temperature and humidities inside the cabinet; 
temperatures, humidities, and rainfall outside the cabinet; and on the 
radiant energy incident upon the samples. Data have also been collected 
on the fluidity and breaking strength changes in identical fabric sam- 
ples exposed to the energies in each of fivé different spectral regions 
as well as to total radiation. 


As a preliminary to the investigation employing this special ap- 
paratus, data had been obtained with use of a carbon arc lamp as a 
source of radiation and Corning glass filters as a means of obtaining 
certain selected spectral regions of incident energy. The results tend 
to substantiate the theory that certain wave length regions in the spec- 
trum may interact in such a manner as to reduce the net degrading ef- 
fect on cotton cellulose of the total incident energy. Thus clear glass 
has a slightly greater protective effect when used to screen a sample of 
cotton fabric from carbori are radiation than does blue glass even 
though the latter has a lower transmission throughout the spectrum. Ob- 
servations were made of the bleaching and yellowing action of radiant 
energy of various spectral distributions under several conditions and 
showed no direct relation between this effect and degradation. 


Weathering breakdown of unprotected cotton cloth has been studied 
in a series of exposure tests conducted over the past 5 years. Ey com- 
bining data secured from replicate samples exposed for equal periods of 
the time but at different seasons of the year, year-round weathe ring 
patterns have been obtained for representative cotton constructions 
that serve as dependable standards of reference in the evaluation of pro- 
tective treatments. Changes in breaking strength and cuprammonium 
fluidity have been employed as the chief criteria of degradation. Since 
it has beendemonstrated that biological attack of cotton lowers the 
breaking strength without materially influencing fluidity in the surviv- 
ing material, while the action of sunlight apparently causes concurrent 
strength and fluidity changes, a study of the strength-fluidity rcolation- 
ships affords considerable information about the different types of deg- 
radation that occur in seasonally exposed samples. 


Special Finishes to Improve Cotton Fabric Qualities 
arr a ag eC Pee Oe eee 


The attractive fabrics prepared in Semicommercial-scale finishing 
of low-grade osnaburg and bag sheoting by combining mercerization with . 
the application of a durable-type ‘modified ‘cellulose finishing agent have 
been described in previous reports. While the finishing agent employed, 
an alkali-soluble hydroxy ethyl ether of cellulose, is fairly effective 


in preserving the hand us appearance of cotton goods in actual serv- 
ice, it contributes nothing to crease resistance, a property in which» 
cotton is deficient. The well known urea formaldehyde and melamine 
resins are being reexamined to obtain accurate data on the maximum 
crease resistance that can be imparted without adverse effect on the 
strength and tear resistance of the fabrics. The results to date sup- 
port the commonly accepted view that new resins or improved chemical 
processes will have to be developed before satisfactory crease resist- 
ance can be secured. 


Improvement of Self Sealing and Other Water-Resistant Fabrics 


The work on fabrics that resist the passage of water through swell- 
ing of the constituent cotton fibers has progressed from unlined fire- 
hose to wind- and rain- -resistant’ army oxford fabrics. .A project to im- 
prove the water resistance of this type of cotton fabric has been under- 
taken in cooperation with the Quartermaster Corps. 


It has been demonstrated that cottons differ in their ability to 
close the minute spaces that exist in tightly woven fabrics, An oxford 
fabric of greater water resistance has been obtained by using "immature" 
or thin-walled cottons, rather than comparative cottons which are nearer 
normal and of better quality according to usual standards. It has been 
shown also that the water resistance of other cotton fabrics can be in- 
creased by adding a swellable material to the yarn prior to weavinge 


These principles will be studied further and fabrics of different 
constructions will be manufactured and service-tested as outer clothing , 
esa eg tents, EAtTm 1 avri.os’,; eu’. 


Evaluation of Commercial Bleaching Processes 
~ The evaluation of fabric samples taken at. the important steps in | 
eleven commercial bleaching processes has been completed and the data 
have been put into form for publication as a Department bulletin. The 
findings indicated that some changes could be made in common bleachery 
practice which should result in lower production cost and better quality 
output. With this cross section of performance as a start, Pees 
planned to study the newer continuous methods more intensively and'to 
extend the work to types of processes not yet sampled, 


Current research on kier boils and bleaches will be extended to in- 
clude a survey of the use of detergents to determine their actual value 
in kier boiling. In connection with the broader aspects of the bleach- 
ing project, there has been some preliminary “study of open-width scour- 
ing with special reference to army requirements. 


The Use of Cotton for Tire Cord Ai a ue eee 


The coordinated program of research for developing improved types 
of cord has continued to be a major activity at the Southern Labora- _ 
tory. Since the end of the War objectives have been altered somewhat, 
primary consideration being given to the service requirements of cord 
in tires for civilian use. 


Service tests begun in April 1946 are still under way on 9.00-20, 
S6 (67% GRS and 33% natural rubber), 10-ply cotton cord tires made 
with (1) Goodyear regular production cotton cord, and (2) Wilds cot- 
ton cord produced according to the dual-stretching process developed 
at the Southern Laboratory. A similar set of rayon cord tires is being 
run along with the cotton tires to obtain comparative data on growth, 
tread-wear, and operating temperatures. As of January 1, 1947, no 
failures had yet occurred which could be ascribed to the tire cord, 
Four tires had tobe discarded because of cuts caused by spikes and 
glass. 


A series of wheel-test trials has been completed by the National 
Bureau of Standards, with results similar to those obtained previous- 
ly in Goodyear's Laboratory. The regular commercial cotton-cord 
tires gave the lowest mileage, the rayon-cord tires the greatest, 
while the two groups of Wilds cotton-cord tires gave intermediate 
mileages. An attempt will be made to correlate these results with 
those obtained on the road-tested tires. 


A ply-building machine has been constructed, the use of which 
will facilitate the manufacture of tires for small-scale wheel and 
road tests. With this machine, plies can be made from a Single end of 
cord, the quantity required being only slightly in excess of the,ac-. 
tual poundage of fabric in the finished tire. The plies so made are 
cut to the proper bias angle and shipped to a tire plant where they 
are made up into bands and thence directly into tires, by-passing the 
dipping and calendering operations completely. 


Determination of hysteresis, elastic modulus, and elongation 
growth at various moisture contents and temperatures on seven tire 
cords (two rayon, four cotton, and one nylon) has brought out a number 
of significant facts. In general, moisture content over the ordinary 
ranges has a much greater effect on the elastic properties than does 
temperature up to 145° C. Hysteresis increases, elastic modulus de- 
creases (except for the cotton cords at less than 5% moisture) and 
elongation growth rate increases with increasing moisture contents for 
all cords. The next phase of the work projected in this field is to 
set up an electronic apparatus for routine determinations at speeds of 
approximately 19 cycles per second--10 times the present rate. 


Research has been continued on the influence of cord construction 
on cord properties, using 17/4/3 construction with three different 
staple lengths of cotton (1", 1-3/32", and 1-3/8") as the basic cords. 
It was found that the amount of twist in the single yarns is a rel- 
atively unimportant factor in regard to strength and flex-life, and 
that a slightly higher ply-twist than is customarily used commercially 
gives greatest flex-life. To investigate the effect of varying the 
number of ends in the ply and cord, using the same twist multiplier in 
the ply which gave highest flex-life in the "basic" cord, 1-3/32" 
Stoneville 2B cotton was made up into 0.032 and 0.026 gauge cords of 
five different constructions, 5/2, 4/2, 5/3, 4/3, and 3/3, The 
strength of all of these constructions was practically the same for 
each gauge, but, the flex-fatigue life, as measured on two types of 
flex machines, was decidedly greater for.the 3-cable construction. 


é 


To establish more general relationships between cord construction 
and cord properties, a 1-3/8" Wilds cotton is being studied over a 
wider range of constructions, from 2/2 to 5/5. ’ 


Close contact has been maintained with tire and tire cord manu- 
facturers for the purpose of receiving accurate, up-to-date economic 
and technical data and of exchanging experimental data concerning the 

use of cotton and competing fibers in tire cord. 


Beonomic and Technological Surveys and Appraisals 


Economic research has been continued in cooperation with other 
agencies in a program sponsored by the Cotton Subcommittee of the 
House Committee on Agriculture to study the postwar agricultural and 
economic problems of the cotton belt. 


A survey of rayon as a competitor of cotton (Project V) was com- 
pleted and a report is being processed. According to the report, 
domestic production of rayon more than doubled between 1939 end 1945, 
reaching 782 million pounds in the latter year. Expansion to around 1.1 
billion pounds annually (the equivalent of about 2.6 million bales of 
cotton) is expected by 1950. Rayon prices, stable during World War IT, 
unlike the prices of cotton and wool, were increased slightiy in 
November 1946. Itwas concluded that while rayon prices will continue 
to be quite stable, reductions of not more than a few cents per pound 
are possible in the next few years. 


Also as part of the House-sponsored cooperative economic research 
program, several short-time surveys have been made of the competitive 
position of cotton in major end-use markets (Project IV). 


One of these surveys was of the use of cotton and competing 
materials in tire cord. It was found that almost all truck, and bus 
tires and some of the heavier passenger car tires are now made of rayon 
cord. While in very large truck and bus tires, rayon cords give per- 
formance superior to that of the present types of commercial cotton 
cords, the latter are entirely satisfactory in passenger car tires. At 


“- ‘the current prices of rayon and cotton fabrics, however, the manufac- 


ture of all types of tires with rayon is cheaper. It is éstimated that 
. in‘1950,: assuming highly prosperous conditions, only a maximum of about 
40 million pounds of cotton cord would be used as compared to about 200 
millions pounds of rayon cord. With moderately prosperous conditions, 
only about 25 million pounds of cotton cord would probably be used as 
compared to an estimated 150 million pounds of rayon. These predictions 
assume &@ price of 25 cents per pound for Middling 15/16-inch cotton. 

At l2 cents per pound, cotton would probably hold all of its market in 
passenger tires and regain some of the ground lost torayon in the truck- 
tire market. ‘4 


A survey of cotton's competitive position in bags showed that con- 
sumption of cotton in this use climbed to 820,000 bales in 1943 owing 
largely to increase in wartime packaging requirements accompanied by 
curtailment of imports of burlap from India. With burlap once more 
available and the use of paper increasing, this figure dropped to 
440,000 bales in 1946. jhhile cotton will face cmtinued competition 
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from burlap and growing competition from paper in use for bags, in 
1950 bags are expected to be the largest single end use of cotton, 
with an estimated consumption of 575,000 bales under highly prosper- 
ous conditions, and 536,000 bales under conditions of moderate 
prosperity. These estimates are on the basis of a price of 25 cents 
per pound for cotton. 


A study of farm incomes in the Southem Laboratory's region showed 
that agriculture's contribution to total income from all sources in 
the region declined from 27% in 1929 to 22% in 1939 and to 21% in 1944, 
Probably the most significant trend indicated by the survey was the 
growing importance of livestock and diversified farming in the agri- 
cultural economy of the South. Since 1941 livestock and livestock 
products have been a more important source of income than cotton, 
still the largest farm crop. 


Short-time surveys have also been made on such Subjects as the 
following: relationship of raw material, labor, and overhead costs in 
the dyeing and finishing industry; possible uses of surplus nylon rope; 
and the factors involved in the possibility of establishing a cordage 
and twine plant in the Gulf Southwest area. A preliminary survey also 
was made to determine general fields where marketing research on cot- 
ton is particularly needed, 


COTTONSEED 
Improving the Storage Properties of Cottonseed 
a eran Se lame at ae ELS BOG 


In continued investigations of the enzyme systems of cottonseed and 
the nature of their activation and inhibition, the biochemical activity 
of over 200 chemicals has been measured by a recently developed technique. 
In the technique the chemical to be tested is added to 300 grams of seed 
placed in a thermos bottle, the effect on heating is followed by measure- 
ments of temperature of the sample, and the inhibition of lipolysis is 
followed by measurements of the free fatty acid content of the sample 
after 6 days in storage. Among the more active compounds evaluated by 
this laboratory test are the following: ethylene chlorohydrin, -],3- 
Dimethyl-4,6-bis(chloromethyl) benzene, phenol, and propylene glycol 
dipropionate, Most of the tests were made initially on flaxseed because 
it is.easily handled and responds in a quantitative and reproducible man- 
ner. The enhancement of biochemical activity by use of surface active 
agents is also being investigated, . 


Three mill-scale experiments on the 1946 cottonseed and flaxseed 
(South Texas ) crops are in progress in order to test the effectiveness of 
ethylene chlorohydrin by different methods of application..under different 
conditiois. Mill-scale experiments during the processing of the 1947 
crop will be made using other compounds found promising by laboratory 
tests. 


Relation of Free Fatty Acid to Germination 


Some data have been obtained on the relationship of free fatty acid 
to germination in individual cottonseeds by a chemical analysis of one 


part of a kernel employing micro techniques, and by germination of the 
other part on agar. The results showed that most seeds with a free 
fatty acid content (based on weight of seed) of less than 1.8% will 
germinate. Seeds with a free fatty acid content of 4.8% or more did 
not germinate. Unfortunately, among 299 individual seeds tested, none 
were found that had a free fatty acid content between 1.8 and 4.8%. 
This "blank space" may be due to the "autocatalytic” nature of the 
formation of free fatty acids in cottonseed. Attenpts to fill this 
gap will be made. 


Basic Properties of Pigments 


New data continue to be obtained on the nature and occurrence of 
cottonseed pigments. The gossypol and gossypurpurin content of a 
series of samples of pigment glands was determined and compared with 
the content of these two pigments found in the corresponding seed. The 
results indicated that all the gossypol and gossypurpurin are segre- 
gated in the glands and constitute essentially all the pigments of the 
glands. 


The pale yellow pigments occurring outside the glands were removed 
by extracting dry seed with light petroleum naphtha. Although similar 
to gossypol in color, this pigment fraction of cottonseed is chemically 
quite different; it does not react with antimony trichloride, is 
relatively stable, is nonpolar and nonacidic... 


Solvent Extraction 


Chemical engineering research on solvent extraction of cottonseed 
has had three main objectives: the further development of a solvent 
process for gland separation used successfully on a laboratory scale; 
the design and development of equipment to carry out batch solvent 
processes; and the production in sufficient quantities of cottonseed 
materials needed for various research purposes. 


Gland separation process. Research on the gland separation process 
by which cottonseed meats are fractionated into pigment glands, oil, 
and oil- and gland-free meal has been primarily concerned with the pro- 
duction of the gland and meal fractions for investigations of a funda- 
mental nature. Using pre-pilot-plant-scale equipmet, 51 pounds of 
highly purified pigment glands and corresponding amounts of meal and 
oil were obtained in processing approximately 2900 pounds of cotton~ 
seed meats. The gland and meal fractions of high purity, available in 
test quantities for the first time, are making possible the determina- 
tion of many fundamental properties -- information long needed by the 
cottonseed industry. 


Preliminary considerations are also being given to the deve lopment 
of possible uses for pigment glands, since this product would be avail- 
able in quantity should a gland separation process be introduced com- 
mercially. 


The oil-solvent fraction was concentrated, steam-stripped, and 
vacuum-dried for removal of solvent, Several samples of the oil, 
refined and bleached using standard procedures for hydraulic-pressed 
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products, were found to be prime with respect to color. 


As better techniques and improved equipment are developed, larger 
lots of cottonseed meats are being processed in the pilot plant. Ex- 
periments now planned include the use of a centrifuge for continuous 
separation of the glands. The gland separation process is still under 
development with the scale of the pilot plant research being expanded 
to determine the commercial feasibility of the principle of processing. 


Batch extraction process. Single cell extractors of 120 pound 
capacity and necessary auxiliaries were built and operated for the pro- 
duction of solvent extracted cottonseed oil and meal. Approximately 
8350 pounds of flakes were extracted with hexane or diethyl ether as the 
solvent. An oil extraction efficiency of 99% or better was attained - 
with both flakes and meal. With Specially designed evaporator and 
stripping columns a solvent-free oil was obtained from the miscella. The 
meal was first air dried and then vacuum dried for complete removal of 
the solvent, 


COTTONSEED OIL 
Basic Chemical and Physical Properties 
SI Teas 5s Damnation 25 etlelbain! die Saves plata 


Comparison of the pigmentation of hydraulic-press oils with that of 
Screw-press oils shows that the principal factor responsible for the 
more highly colored oils obtained by the Screw-press method is the lower 
moisture content of the seed during cooking. The conversion products of 
gossypol (pigments) found in the crude, screw-pressed oils are entirely 
different from.those found in the crude, hydraulic-pressed oils, and are 
less effectively ‘removed by the standard refining and bleaching pro- 
cedures. Consequently, to obtain Screw-pressed oils of color quality 
comparable to that of hydraulic-pressed Oils, either the cooking condi- 
tions in the screw-press method or the refining procedures require 
alteration.’ cies 


Improvement of Stability 
MMi Seta eae oe ee a 


In an investigation of hydrogenated vegetable oils no direct linear 
correlation was found between keeping quality and fatty acid composi- 
tion. The reciprocal of the keeping quality was found, however, to be 
linearly related to the linolein content of either cottonseed or peanut 
oil. 


Improvemat of Utility and Industrial Application 
ttt pplication 


A series of purified mono-, di-, and triglycerides were prepared 
from cottonseed oil, varying amounts added to pure peanut oil, and the 
interfacial tension was measured against water at 70° C. The results in- 
dicate that the surface activity of diglycerides is less than’1/100th 
that of monoglycerides, on a weight basis. The addition of 1% mono- 
glyceride to the pure oil will decrease the interfacial tension at oil- 
water interface by 50%, while 6% concentration of monoglyceride in the 
oil phase will lower the surface tension approximately to zero. 
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’ . COTTONSEED MEAL AND PROTRIN 
Properties of Gland- and Oil-free Meal 


The gland- and oil-free meal produced in the pre-pilot-plant- 
scale research has varied from almost colorless to a pale yellow, has 
contained from zero to 0.04% gossypol, a trace of a yellow decomposi- 
tion product of gossypurpurin, and has had an oil content averaging 
about 0.5%. 


Several hundred pounds of this high- purity meal have been fur- 
nished Federal, industrial, and university laboratoric 28 for, nut tritional 
and pharmacological investigations involving rats, mice, guinea pigs, 
rabbits, chicks, and hens. These investigations are still under way 
but on the basis of observations to date some conclusions can be drawn. 
All of the objectionable propertiés of raw cottonseed meats are con- 
centrated in the pigment glands and are due to some constituent of the 
glands other than gossypol. The gland-free cottonseed flour-has been 
shown to be superior to hydraulic-pressed meal and soybean meal with 
respect to effect on growth and reproduction of experimental animals. 


SWEETPOTATO UTILIZATION INVESTIGATIONS 
Simplified Process for Manufacture of Sweetpotato Starch 


The yield and quantity of product obtained in pilot-plant scale re- 
Search encourages the prospect of completing the development of a 
Simplified process for the manufacture of starch from sweetpotatoes, 

Such a process will increase the feasibility of small plant units of 
_ low cost and overhead. 


In 17 pilot-plant runs approximately 12,000 pounds of sweetpotatoes, 
mostly of the L-5 variety, were ground and processed. Effort was con- 
centrated on determining the efficiency with which crude starch milk 
from the regular grinding and screening system can be freed from 
solubles and nonstarch solids by means of several combinations of batch- 
or continuous-type. centrifugals and fine screens. The sodium hypo- 
chlorite bleaching procedure was varied in a number of runs in order to 
ascertain the effect of variation on viscosity characteristics of the 
prac obtained in these simplified Processes. | 

Leading manufacturers are being consulted with respect to available 
equipment suitable for simplified starch processing, giving particular 
‘attention to continuous solid-bowl | centrifugals for use in lieu of 
batch-type solid basket machines, equipment for fine screening in refin- 
ing starch milk, and starch- -drying equipment. 


Commercial Scale Sweetpotato Processing 


The new sweetpotato starch factory of the United States Sugar 
Corporation resumed operations for the current season on Décember 3, 
1946. In the interim since termination of last season's operations at 
the end of March 1946, continued technical advice and assistance were 


i pendared in ecueer to. ae cate needed tnpvavenet 


results of the previous experimental plantings have developed. 


economically recovering from the waste water around - 


sembled at the Southern Laboratory. 


erected.in a building provided by the Dr. P. Phillips Company for tr: 


the problem of excessive foaming), and with improved accessory @ 


and operating procedure. A number of further changes and adjus 
processing units are considered desirable; but for the most part 
‘eau: and the processes are satisfactory ne bas oe! of turni 


Production is still ona peanced ou pauses miter hevause of the ; 
limited quantity of sweetpotatoes available. Yields and quality of He | 
raw material, however, are far better than in the preceding season, 
Some difficulties are still encountered in carrying field production’ 
the volume necessary to sustain the large factory at full capacity, — : 
without excessive cost for raw material, ‘Problems not: forecast by the 
It is 
likely that, with termination of the present processing season, furthe : 
curtailment, or even suspension of the factory operations may be neces+ 


sary until crop Ot aa problems have been aolvg¢ by furghe re develo: 
ment work. Ee Pao?" 


Utilization of Sweetpotato Starch» 
With the Sdoceracton of a cotton textile ia warp sizing ceacel ee 
ducted on a series of ‘sweetpotato starches obtained primarily in pilot- 
plant research showed that these starches gave superior performance, fa 
required less softener, and consequently gave a less. eee size mixture 

A number of samples of sweetpotato starch oe different types. have woe 
been furnished to industrial and re search organizations for e xperimenta. 
purposes. 


Byproduct Veen entlea Utilization 
eee 


ot every 100 tons of sweetpotatoes ground, the overflow Pruitt wate 
from settling or centrifuging in the sweetpotato starch manufacturing — 
process as carried out so far, contains an average of about 3500 pounds 
of sugars and about 2300 pounds of protein which are now wasted to the © 
sewer, Pilot-plant-scale experiments have indicated the feasibility of 
1-1/2 tons of eee 
tein concentrate and of producing from the sugars nearly 3/4 of a ton of 
feed beet ag for every 100 tons of ddl ssiae i Renae gi sea 


A eee pilot plant, wath all accessories and controls for, -con- 
tinuous and practically automatic coagulation of the natural protein | 
the continuous propagation of Torula yeast has been designed and iad 
The equipment permits. ‘production o 
yeast alone or combined recovery of yeast and protein. After prelim 
trial in New Orleans, the equipment was moved to Orlando, Florida, an 


with citrus pulp and press juice. The: engineering and operating pro 
are essentially the same for either rhaehatate site fruit water or. citru: 
press juice. i, Nae . Oy Ao ea ie 


The trial runs indicated the need for a number of mechanical a 
ments. With elimination of some of these deficiencies (in particu 


it will be possible to determine the optimum conditions a nu 


= Gere iscale pilot plant a arment aver lable for both feed. e 
feast production and recovery of feed protein from sweetpotato starch ta 
oe, cuit water, , sufficient quantities of these byproducts can be obtained ) "ts 
' Pit. permit evaluation of their quality and value as feed supplements. 

The feasibility of sweetpotato starch manufacture will be enhanced 
through increased byproduct credit. 


PEANUT UTILIZATION INVESTIGATIONS - 


PEANUTS ~ 


Ponenieel eeevneeritie research on solvent extraction of eerie has 
_, been principally concerned with the design and development of equi pment 
Ny for solvent extraction by continuous processes and the production of 
__ solvent-extracted peanut materials in batch operations for various re- 
Be search purposes. From 17,000 pounds of whole peanuts approximately 
11,400 pounds of whole meats (with 700 pounds of fines) have been pre- 


_-~—-pared for solvent extraction 


Batch extraction process. Ten batches of peanut meats totaling 1200 
ens were cracked, flaked, and solvent extracted in a batch extractor 
~~ to ~ produce 620 pounds of meal containing less than 1% of oil for use in 
research on protein fibers and protein adhesives. Oil and solvent were 
recovered from the miscellas. : 


Sees: Continuous extraction processes. The continuous solvent extraction 
- equipment, constructed for use with either peanut or cottonseed flakes, 
s a of the screw-conveyor type. It is designed to extract 150 pounds of 
flaked meats per hour, producing a miscella of 10 to 20%.oil by weight. 
An oil and solvent recovery unit, which may be operated simul taneously 
with the extraction unit, was designed for a capacity of 150 lbs. per 
; hour of peanut oil from a miscella cmtaining 10% oil by weight. Com- 
aaa mercial hexane (Skellysolve B) was selected as ‘the solvent because of 
its low boiling point, general suitability for extraction deed h 
eee iity and low cost. 


Serious handling Augaiske are encountered due mainly to the 
fragility of the peanut flakes which break up during extraction opera- 
. tions with production of a considerable quantity of fines. Although none 
a sf 0P the experimental, runs so far made have been wholly satisfactory, the 
e © ‘tests have yielded Lelueble engineering information. Changes in equip- 
J ment and in conditions of operation are being made which should render 
in othe: ade suitable for consideration in commercial scale processing. 


PEANUT OIL 
Basic Chemical and Physical Properties 


For predicting the behavior of fat-solvent systems in practical 
fractional crystallization operations, a series of fat-solvent~- 
systems containing more than one fatty component was examined. Investi- 
gations of the solid and liquid phases in the system stearic acid - 
Oleic acid - commercial hexane in the temperature range O° to -40°C, and 
of the system oleic acid - stearic acid - acetone, at 0°, - 10, and - 
2@°C., showed that oleic acid and stearic acids are both more soluble in 
acetone than in commercial hexane at any given temperature; but that the 
presence of oleic acid increases the solubility .of.stearic acid more in 
the hexane than in the acetone. Appreciably greater quantities of oleic 
acid were removed from the liquid phase at higher temperatures in acetone 
than in hexane. 


From the family of curves obtained with phase diagrams constructed at 
each isotherm, it is. possible to predict the degree of separation obtain- 
able in any mixture of oleic and stearic acids with either acetone or 
hexane used’as solvent. Furthermore, the choice between these solvents, 
depending upon results desired, will be indicated. 


Improvement of Stability 


Work on improving the keeping quality of peanut oil has included re- 
search on the stabilizing action of norconidendrin; on the effect of ad- 
sorbents; and on the correlation of keeping quality with fatty acid com- 
position, 


The tests with norconidendrin showed that this compound, either alone 
Or in combination with acid-type synergists, has good antioxidant ac- 
tivity in edible-grade peanut oil and in one freed from naturally occurring 
antioxidants. The treatment with adsorbents showed that application of 
aluminosilicate to a hydrogenated peanut oil having an iodine number of 60 
resulted in an improvement in keeping time of 21% and of 74% when the same 
adsorbent was activated by redrying. The results obtained to date in an 
investigation of the reaction between the component unsaturated fatty oils 
of peanut oil and maleic anhydride support the explanation generally pro- 
posed for the oxidative deterioration of fats, 


Waxlike Products for Industrial Utilization 
rh tp eee reap BAU LOTL 


Research has continued on the preparation of waxlike esters contain- 
ing amino or amido groups with the objective of obtaining products satis- 
factory as replacements for natural vegetable waxes, in particular, in the 
manufacture of carbon paper inks. The reaction product of 2 mole equiva- 
lents of stearic acid and 1 mole equivalent of 2-amino-l-butanol had 
_dispersing properties equal to those of some of the poorer vegetable 
waxes, but did not have adequate oil retention properties. The purified 
product was superior to the crude product, free fatty acid content being 
reduced by purification, Compounds prepared by the reaction of stearic 
acid with monoethanolamine and with é-methyl-2*amino-1-propanol were in- 
ferior in dispersing power to the 2-amino-l-butanol compound, but had 
better oil retention properties. 


: In view of the present uses of long-chain aliphatic amines as 
plasticizers, flotation agents, and detergents, attempts are being made 
to prepare a number of N-phenyl amines, such as the N-phenyl dodecyl 
and octadecyl amines, by reduction of the corresponding anilides. 


PEANUT MEAL AND PROTEIN 


Bound Water in Peanut Protein 


Research on the basic physical and chemical properties of peanut pro- 
tein has included an investigation of the effect of heating on the bound 
to free water relation by means of the calorimetric "heat of fusion” 
method. Samples of protein were held for varying lengths of time at 
temperatures renging from 25° to 77°C. The results indicate that heating 
to any temperature above 40°C. in the range studied increases the emount 
of bound water from about 10% to about 18%, this amount decreasing, how- 
ever, with the Genaturation of the protein that occurs at the higher 
temperatures. 


Peanut Protein Fiber 


Sarelon is the name given to peanut protein fiber produced at the 
Southern Laboratory by a "wet" process similar to that employed in the 
viscose rayon industry. Sarelon is cream colored with a soft hand in- 
termediate between that of silk and wool and has a warm feel upon con- 
tact with the skin, absorbing moisture in a mmner similar to wool. It 
does not shrink appreciably in hot water and is resistant to attack by 
moths. Dyeing properties are similar to those of wool, although certain 
dyestuffs have been used also. On small.lots using continuous length 
fiber, woven blends of rayon and cotton have been made as well as knitted 
fabrics of Sarelon alone and of Sarelon and rayon. 


Sarelon produced by the process currently used at the Southem Labora- 
tory has a dry strength of 0.7 grams _per denier, a wet. strength of 0,2 
grams per denier, and wet and dry elongations at break of 11.8% and 22.0% 
respectively. 


In order to obtain light colored protein needed to produce high qual- 
ity fibers, it is necessary to remove the color in the red skins prior to 
processing the kernels for oil and meal. Ome successful method is a 
process developed at the Southern Laboratory (Patent applied for ) which 
consists of washing the kernel in dilute lye to remove color, rinsing 
With water to remove excess lye, and drying at room temperature. 


Commercial scale production of peanut protein fiber is under active 
consideration by several industrial concerns. 
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ALFALFA UTILIZATION INVESTIGATIONS 


BATRACTION, STABILIZATION, ANALYSIS OF CHLOROPLAST PIGMENTS 
AND OTHER CONSTITUENTS 


The Isomers of Carotene 


Ce ate ne 


Methods have been developed for rapid harvesting, sampling, freez- 
ing, and storing the fresh alfalfa in preparation for enalysis. A 
simple process has been discovered for rapidly extracting the pigments 
from the plant tissue using polar solvents and transferring then to a 
nonpolar. soivent, which is a necessary step prior to chromatographic 
analysis. | 


A method of plotting the progress of the pigments through the 
chromatcgraphic colwm has been devised, . By its use the relative: . 
efficiency of eluants and adsorbants for separating the isomers may be 
determined, For the resoiution of the pigments, hydrated Lime was found 
to be superior to caleium phosphate, aluminum oxide, magnesium oxide, 
and soda ash, Sharpness of separation of the pigment zones could be 
improved by the addition of traces of N-propyl alcohol or acetone to 
the developing liquid during the chromatographic analysis. 


Paracresyl methyl ether, a heretofore untried compound, was found 
to be superior to all the more common eluants studied; one per cent of 
this ether in Skelly Solve C materially increased the sharpness of 
separation of the isomers. 


“These and other modifications and improvements in chromatographic 
technique for the separation of the carotene isomers show definite 
promise of making it an accurate and rapid routine analytical method. 
It will be valuable in research on the extraction of pigments from 
plont tissues and will have, as well, usefulness in research now under 
way into means of preserving the biologically activo carotene of 
alfalfa hay through the stages of handling, dehydration and storage. 


Spectrographic Detcrmination of Cobalt in Range Grasses 


Gertain "sicknesses" in cattlo have beon traced to the lack of 
' minute amounts of cobalt in range fced. Samples of range grasses sub-= 
mitted by the Arizona Agricultural Experiment Station have been analyzed 
spectrographically for cobalt. The amount of cobalt present was in the 
order of 0.1 part por million, The results showed conclusively that 

the lack of cobalt is not responsible for the particular sickness noted 
in Arizona. . 


Pees cana hoe phot pass, 

A study on these minor constituents of alfalfa was undertaken to 
identify the classes present, determine quantities, and to determine if 
possible their relationship to the degradative changes in the nutrient 
constituents of alfalfa. 


ae By an Rector prodipitation of ether cxtroote; Tipiats aent 
Sain’: Bhoephorus have been obtained, Phospholipids and phosphatidic cid 
appear to be the major constituents of the total lipids. Although cons 


ie able work has been done on ier subject, the results are as yet only prow 
5 qiminer ye gh 
FRUIT UTILIZATION INVESTIGATIONS 
‘aa _. FREEZING PRESERVATION 


_ Prefroczing 1 Treatment. of Pic Fruits 
as During the past year additional information has been obtained, vis ane : 
_ apricots and peaches as the fruits, It has been found, for example, that in 
order to give protection against darkening there is an advantage in using a 
s dipping bath containing a combination of sulfur dioxide, ascorbic acid, and 
salt. By using this combination they exert their desired effect at a much — 
ay lower concentration than when cither is used. The salt concentration was 
kept at 1.0 per cent, the ascorbic acid from 0.4 to 0.5 per cent, and the < 
sulfur dioxide oan eta (added as sodium bisulfite) varied from 300-500. 

parts per million for peaches, and 800-1000 parts per million for apricots. 

Since only surface protection is required for peaches, it is more economical — 


t= 
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ae to treat large pieccs than small ones, In all cases the fruit was held in eh 
be, the ppepine bath for two minutes. : 
oe. Claims have been made that citric acid enhances the effect of ascorbic 
acid in the prevention of discoloration in fruits. In our tests of this 

--—s- procedure no advantage was Sct from the addition of citric acid. 
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| Leaching Jgiiis During Blanching of Peaches 


RR a 
\ 


deal hie leaching and weight losses dur ing steam blanching were found to be © 
about 5 per cent cf the total solids, which is equivalent to a weight loss 1m 
of about 1/2 per cent. About 3,5 per cent water was also lost during blanch-_ 
ing, giving an overall shrinkage. or weight loss of approximately 4 per conte 
it was found that there is no significant difference in these losses,  —§ | 
whether the peach half was placed cup up or cup down on the blancher belts 
ag This is important from the standpoint of commereia .1 operation since it may — 
Le permit a saving in labor cost. ark rf 


Bes, AASeu Blanch Cooling of Peaches 


es eR NE YE 


“tia Seka Wal extonsive (ieastea ae has been made on this topic. It has beans 
‘found that in order to reduce the temperature of peach halves to 70° Fe — 
(or lowor) after blanching and prior td packaging a two-stage cooling 
process appears to be the logical solution. This two-stage process con= 
sists of air cooling, followod by sirup vat cooling. Tho size of post- 
blanch cooling sau smtarte for commercial use may be estimted from the in-— 
formation gained in this investigation, 
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Cold-Processed Gellea Fruit 


A A NE RR OO A MO ke 


The effect of various storage temperatures on texture and flavor 
of the gels has been investigated, It was found thet samples stored 
for three months at,-10° F. and lower proved entirely shade attache 
A very slight graininess appeared in some samples storod at 0° F., 
-while +7° F, was definitely unsatisfactory. Cooperative work with a 
commercial producer of jams and jeollics is under way, and it is exe 
: pected that larger=scale trials will be made during the coming fruit 

_SCasone 


High-Frequency Heating at 3000 Megacycles 


Re eR ae WO RET ent 


Work done at this Laboratory showod that radio frequency heating 
\(in the frequoncy range of 10-50 megacycles per sec.) for tho in+ 
activation of yeasts, taahaere: and enzyme was dependent entirely 
upon the temperatures generated. Studios have been undertaken at 
5000 megacycles with a view to determining the conditions for inacti- 
vation of yeasts at this frequoncy, Such conditions should be of 
especial value in food processing where it is desired to inactivate 
various organisms and at the same time avoid the use of high tempera- 
tures which in many instances cause undesirable flavor changes. 


DEHYDRATION: 
Dehydrofreezing 


This name has been, given to a combination process in which fruits 
or vegetables are first dehydrated umtil aye to 3/4 of the moisture 
is romoved, followed by freezing preservation and storages Work thus 
far has shown that quality can be fully retainod, . Some of the advan- 
tages arc: 


(1) There is a reduction of weight and bulk to approximately 
one-half that of conventionally frozen foods. This. reduction is 
important from the standpoint that commercial storage and transporta- 
tion costs are saved, and in the greater quantities that can be stored 
in the home. 


(2) Freezing costs are less, due to the reduced weight. 


(3) Thawing is.much casicr. and quicker because the dehydrofrozen 
foods do not form an icy block and will thus break apart readily. Also 
it is not necessary to thaw before removing a part of the dehydrofrozen 
food from a large package. 


(4) Reconstitution is quick and easy, and affords an opportunity 
to introduce supplements or flavoring materials. For example, Delicious 
apples are. low in acidity, making them less desirable as'a pic fruit, 
If fruit acids are added to the water in which such apples are rehydrated, 
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it will have better penetration than if added to apple slices with a normal 
moisture content, 


Most of the work on fruits so far as dehydrofreezing is concerned has 
been centered on apples. The reason for this is the great importance of 
that fruit and the possibility that this new process will be commercially 
important as a useful supplement to the present methods of supplying fresh 
and conventionally frozen apples to pie manufacturers, Newtowm Pippins 
from Watsonville, California and common Delicious from Wenatchee, Washing- 
ton have been the varieties most extensively used in our work thus far, 
although other varieties have been tried, 


Spray Drying 


The troublesome problem of sticky mixtures resulting from the drying 
of fruit juices.has been’studied. Considerable useful information on 
required additives and on methods of operation for the drier have been 
obtained, Work will be continued on this project and it is hoped that 
‘results of a more practical nature will be obtained during the present 
year. 


PECTIN 


Pilot Plant Production of Low-Methoxy1 Pectins 


Operation of a pilot plant for the production of low-methoxyl pectin 
at Chino, California, in cooperation with a commercial concern was begun 
during the 1946 Valencia orange seasons The method included two pro- 
cesses developed at this Laboratory for the purpose of reducing the cost 
of producing this typo of mcdified pectin, These were: (1) continuous 
countercurrent leaching of the peel and extraction of the pectin there- 
from, and (2) isolation of the low-methoxyl pectin by direct acid preeipi- 
tation. 


The season's run demonstrated the feasibility of the method to pro- 
duce a high-grade product, It also indicated a number of important facts 
regarding the kind of equipment nceded, the advantages of using dried 
rather than fresh citrus peel as a source material, and certain advantages 
to be derived by minor changes in certain of the chemical processes. 
Included in the latter is the use of sodium instead of ammonium hydroxide 
as the deesterifying agent with attendant lower chemical costs and 
neutralization of the dry pectinic acid with sodium bicarbonate instead 
of ammonia, resulting in better control and no degradation of the low- 
methoxyl pectin. 


Gel Studics 


A comprehensive study of factors influencing formation of pectin 
jellies has been completed, A new and rapid method for measuring the 
modulus of rigidity has beon developed. Such measurements place pectin 
Grading on on absolute rather than a subjective basis. A shear modulus of 
3 ge/cms was chosen as standard and this value is being suggested to the 
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pectin industry. If this standard were adopted, postin grading should 
be consistent throughout the industry instead of varying as it now does. 


Pectin Analysis 


A rapid method for pectin analysis has been developed, which con- 
sists in measuring the optical rotation of a solution prior to the pre- 
civitation and removal of the pectin, and again afterwards. A complete 
analysis can be run in less than 30 minutes which makes the method 
especially valuable for plant control work, 


Hydration of Sodium Pectate 


The mechanism of hydration of sodium pectate has been studied by the 
X-ray diffraction technique. The crystallites in sodium pectate sorb a 
maximum of about 24 per cent water at a relative humidity of 95 per cent 
at 259° C. The amorphous regions under these same conditions contain 
over 65 per cent water, The crystallites when maximally hydrated pre- 
sumably contain alternate water and polygalacturonide chains. 


poe AND VITAMIN-RICH FOOD OR FEED SUPPLEMENTS 


Torula Yee Yea st Investigations 

Work on torula yeast production from pear waste has gone through 
its second year of pilot plant investigation in cooperation with the 
Olympia Canning Company at Olympia, Washington, Feeding tests to evalu- 
ate the yeast produced will be continued at the Washington State College 
Agricultural Experiment Station. 


Progress was made toward solving the difficulty of separating tho 
juico from the pear waste prior to fermentation, Additional laboratory 
work, however, is required on this problem, 


The successful demonstration (in pilot plant operations at Olympia ) 
of the feasibility of continuous, automatically controlled fermentation 
of pear juice represents a further Sage cariclat g aae of the process from the 
commercial standpoint, 


ENZYME PREPARATIONS 
Polygalacturonase 


A simple method has been devised for obtaining high yields of puri- 
fied PO Beane nua which is needed for studies on the mechanism of 
juice {especially pear) clarification, The method involves adsorption of 
the polygalacturonase upon alginic acid with subsequent elution therefrom. 


ISOLATION, ANALYSIS, AND CHARACTERIZATION OF CONSTITUENTS 


Phase Equilibria Studies 


Indications have been obtained that the sucrose-water phase equilib- 
rium diagram at low temperatures is much more complicated than the simple 
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eutectic picture hitherto believed to be correct. 


Phase cquilibria in frozen foods have not been adequately investigated, 
although they are fundamental to freezing, processing and storage. Funda- 
mental information of this kind may ultimately prove to be of practical 
significance in predicting or understanding the best freezing and storage 


temperatures for foods. 
CITRUS 


Amino Acids 


_ The amino acid content of citrus is being studied with reforence to 
their offect on fruit deterioration. The know reactions of amino acids 
indicate their involvement in the mochanisms of deterioration. 


Ethylene Control Experiments 


The analytical method for ethylene is based upon using red mercuric 
oxide which is reduced by the cthylene to form mercury vapor which is in 
turn detected quantitatively upon selenium sulfide paper. It has been 
found that scrubbing the atmosphere with 87 per cent sulphuric acid prior 
to ethylene determination will remove. interfering substances such as 
ethyl acetate, acetaldehyde, ethyl alcohol, acetic acid, ether, acetone, 
and oil of orange vapor. This procedure eliminates the offects of sub- 
stances most likely to interfere in analyzing for ethylene in citrus 
ripening shed atmospheres. 


ASCORBIC ACID FROM WALNUT HULLS 


Bxvnaotion of Bults 

Pilot plant operations were conducted on the production of a walnut 
hull extract. This was done near Linden, California in cooperation with 
the California Walnut Growers Association, The countercurrent extraction 
process procceded smoothly and no serious difficulties were encountered in 
operating the equipment. The 3000 gallons of extract obtained heve been 
concentrated at the Western Regional Research Laboratory and are estimated 
to contain 30 to 40 pounds of ascorbic acid. 


orysvellization of Ascorbic Acid 

The ascorbic acid is obtained by a process of adsorption on resin ion 
exchange materials, A method of treating the partially concentrated 
eluates with activated carbon results in the production of erystalline 
ascorbic acid. Its preparation in the crystalline form is highly important 
in that it is now possible to consider its use in all fields whore 
Synthetic ascorbic acid is now employed. 


oe 
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DEHYDRATED EGG STUDIES 
Se eee ploy Ur sed Bee Powders 


The beneficial effect of acidification of emulsified whole egg be- 
fore Brees drying on the shelf life of egg powders has been established, 
The use of acidification in the egg industry as a method of preserving 
spray-dried powder is indicated, and it is reported already being 
initiated through the efforts of the Quartermaster Corps. 


Lipid Deterioration 


Additional data has been accumulated on the mechanism of the deter- 
ioration of lipids in dehydrated eggs. Changes in the phospholipid was 
shown to be heavily involved in the loss of palatability of egg powders. 


Beg Enzymes 


It has been shown that there is no need to postulate enzyme activity 
contrary to reports in the literature, in order to explain the formation 
of free fatty acids in dried eggs. 


Yolk Proteins 


A new protein component of egg yolk has been found. It is present 
to the extent of 0.1 per cent, and contains a nitrogen to phosphorus 
ratio of approximately 3, indicating a phosphate group for every three 
amino acids. No practical significance of this discovery is immediately 
apparent, but it adds to the sum of fundamental knowledge available on 
the subject. 


FREEZING PRESERVATION 


Prefreozing Treatment and Nitrogen Packing of Chickens to Prevent 
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Oxidative » Roncidity ena Fat 


on 


Fat fowls treated in various ways and then packed and frozen in tin 
cans have been tested for fat rancidity after 90 days and again after 
173 days in storage. Temperatures of O° and -10° F, were maintained in 
two similar lots. Lowering the storage temperature to -10° F. soems to 
be the most effective way for preventing rancidity. 


FIBERS, PLASTICS, AND ADHESIVES FROM EGG AND FEATHER 
(KERATIN) PROTEINS 


Cross Linking in Proteins 
Fundamental information on the reaction of formaldehyde with pro- 


teins has been obtained, It will be of use in determining the optimun 
conditions for tanning, hardening of protein fibers, etc. 
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Physical-Chemical Propertics 


Comprehensive investigations of both the fundamental ant practical 
aspects for the dispersion of feather keratin in alcohol-watcr mixtures 
has been carried out. The dispersion of feather keratin by the alcohol 
method is a relatively simple proccss which may lend itself to indus- 
trial development more readily than previously known method; for example, 
as a modifier and extender for synthetic resins in the manufacture of a 
building board. Arrangements have been made with a manufacturer of o 
board composed of exfoliated obsidian rock to further test those keratins 
in his product. Study of the application of solubilized feather keratin 
by the newer technique for bristles, shellac substitutes and adhesives 
is also being carried out, 


Another interesting observation is that the insoluble fraction of 
feather koratin is digestible by enzymes and could possibly be used as 
a protein supplemont in animal feed, 


ISOLATION, ANALYSIS, AND CHARACTERIZATION OF CONSTITUENTS 
Trypsin Inhibitor from Egg White 


The trypsin inhibitor present in egg white has been isolated and ~ 
identified, Some physical and chemical properties have been studied. 
Its inhibitory effectiveness against a number of proteinases has been in- 
vestigated. Studies are being made of the possibilities of the inhibitor 
causing growth retardation as has been indicated for the soybean anti- 
trypsin. . 


Synthesis of Cephalin 


In cooperation with the Enzyme and Phytochemistry Research Division, 
the starting materials, the intermediates and the final products have 
been examined by the polarizing microscope during the synthesis of 
cephalin. The determination of the optical and crystallographic properties 
provide important fundamental knowledge of the properties of synthetic 
cephalin as compared with natural cephalin. A further study of this 
important lipid is thus freer from the uncertainty of purity of a product 
obtained from natural sources and the influence of the wnsaturated acids 
on its behavior is eliminated in enzyme reactions, The results greatly 
facilitate the synthesis and purification of cephalin. 


Fatty Derivatives of Phenothiazono and Thionol 

A study has been undertaken in the synthesis of fatty derivatives of 
the two oxidation products of phenothiazine, phenothiazone and thionol, 
particularly long chain fatty esters, ethers and acetals of these com- 
pounds. The attaining of increased lipid solubility of the ring compounds 
is the object of this investigation. Products will be analyzed and 
charactcorized and such physical and chemical constants determined as may 
have @ bearing on their physiological and pharmacological behavior. 
Sufficiont amounts of cach will be synthesized for a study by or through 
the Pharmacology Division of thoir pharmacological action, oxidation- 
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reduction characteristics, fungicidal, bactericidal and anthelmintic 
properties. 


VEGETABLE ULILIZATION INVESTIGATIONS 


A EE TN eR or 


a ne Se 


DEHYDRATION 


Moisture Determination of Dehydrated Vegetables and of Fruit Fowdors 
Work has been continued on the establishment of a refcrence method 

to calibfate the vacuum oven method for the determination of moisture. 
The products used included dehydrated potatoes, bects, sweetpotatoes, 
carrots, and lemon and grapefruit powders. The method can be quickly 
described as rehydration followed by lyophilization and completion of 
drying in the vacuum oven. It is simpler and more accurate than those 
previously usede, 


Role of Moisture Diffusion in Drying 


ae 
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The factor which limits the rate of drying of cut vegetables is the 
rate at which residual moisture will diffuse to the surface of the pieces. 
A mathematical theory has been developed as a guide to further experi- 
nental study of this phenomenon, . The new theory harmonizes well with 
hitherto unexplained neculiarities of the drying rates that wero actually 
observed. A simple extension of the same theory is expected to be useful 
in the study of moisture transmission through sheet packaging materials. 


Static Pressure Drop through Bin Dricrs 
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An extensive study on this subject has resulted in the deve lopment 
of an equation which will enable future designers of bin driers to pre- 
dict with reasonable accuracy the static pressure drop in this type of 
equipment. . This information should be quite helpful in the design of 
such driers which are widely used in the dehydration of vegetables to 
economically remove the last part of the moisture. 


Storage Studies 

The experimental part of the comprehensive storage studies on de- 
hydrated vegetables has been completed. That part of the studies daaling 
with "browning" of dehydrated nonsulfited vegetables was swamarized for 
presentation at the meeting of the Americal Chemical Society in Chicago. 
The manuscript on this phase of the study has been submitted to the 
Society for publication, The results of other phases of the storage 
studios will be reported in forthcoming manuscripts. 


Fluorescence as Palatability Index of Dehydrated Carrots 
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The results suggest that fluorescence measures a decomposition pro- 
duct which, under some, bub not all storage conditions is produced at a 


rate nearly proportional to the development of undesirable flavors. 


Dehydrofreezing Es ae: 
(Seo also under Fruit Dehydration - this report) 


Interesting data have been obtained on the storage (-10° F,) behavior 
of achycrofrozen peas. The peas were packed at three different levels of 
moisture content - 60, 50 and 40 per cont. A comparison series of samples 
blanched and frozen but wndried were also packed, Two types..of packages 
were used, namely, tin cans and cellophane bags. Three different package 
atmospheres were included -. air, nitrogen with 1,5 net cent oxygen, ang 
nitrogen with Tene Oe per cent oxygen. ; 


Taste panel scores indicate that this pack has retained nearly art .of 
its original quality over a five month storage period. Nono of the. various 
categories of samples has changed enough to warrant conclusions regarding 
the variables under study, but it appears that inert gas packaging will 
have no advantages over air. Also the dchydrofrozen peas are equally 
Stable as compared with undricd frozen PCaSs 


Dehydrofrozen carrots also compare favorably under storage conditions 
with those frozen in the normal way, No comparetive data, however, are 
available for gas-packed dehydrofrozen carrots. 


FREEZING PRESERVATION 


Frozen Sweet Corn 

During August 1946, work was conducted at the Davis County Experi- 
mental Farm at Farmington, Utah, to compare the quality of sweet corn 
which has been scalded on the cob prior to cutting with that scalded after 
having been cut from the cob. This was done to corroborate anda extend the 
investigations made at Prosser, Washington described last. year, The con- 
clusion that blanching on the cob gives a better frozen product was con= 
firmed. 


Volatile Constituents cof Peas 
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In an attempt to determine the nature of compounds that give rise 
to off flavors which develop:in peas, studies have been started on the 
volatile constituents. It is expected that this study will be of valuo . 
in designing objective tests for the determination of quality in both 
the raw and in. processed material. 


JUICE CONCENTRATES FROM VEGETABLE WASTES FOR USE IN THE PRODUCTION 
OF ANTIBIOTICS AND ENZYME PREPARATIONS 


Subtilin 

fn improved method for the extraction and. purification of subtilin 
which has been developed would scem to be suitable.for large scale pro- 
duction of subtilin on a commercial scale. The product is ‘of a high 
degree of purity and a low order of toxicity which seems suitable for 
thorapeutic uso, 
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The fact that medium made from the new aspiragus juice concentrato 
constitutes a good mdium for tyrothricin but not for subtilin production 
(the mediun,gave excellent B. subtilis cell production) suggests that this 
concentrate is: deficient in an essential nutrient for subtilin formation ~ 
and hence the problem-of fortification of this concentrate will be 
attacked from this angle. A positive answer to this problem would not 
only serve as a guide for processing of asparagus waste so as to include 
this factor or factors but also may lead to the discovery of subtilin 
precursors. 


"Bound" subtilin (the marked increase in antibiotic activity caused. | 
by treatment with methanol hydrochloric acid) may be due to the release 


of subtilin or its chemical altcoration: either one of which is obviously 


of importance. 


The differentiation of the antifungal and antibacterial activity 
produced by B, subtilis may lead to a useful by-product of subtilin pro- 
duction as well as a clarification of the conflicting status of the 


“various antibiotics produced by this organisms 


Evaluation. stucies indicate extended scope of possible usefulness 
of the product in treating human and animal diseases, present now 
problems regarding methods of administration, and supply additional 
evidence of antibiotic heterorencity. 


PROTEINS AND PROTEIN COMPLEXES 


Reg ere On Ser ore 

Of the studics involving proteins ond protein complexes, that on the 
browning of protein solutions containing glucose during extensive periods 
of storaze at elevated temperatures is of creat interest. Concentrated 
solutions of sucrose in a browning system will protect the protein from 
denaturation and inhibit the browning rate in the presence of glucose. 
This study will be useful in interpreting the aifferent rates of brown- 
ing observed in vegetables. 


Lima Bean Proteins 
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The enzyme inhibitor of dry mature lima beans has been purified to 
the point thet its activity is at least equal to that of the crystalline 


tryptic inhibitor from soybean, ‘the purificd lima bean inhibitor also 


inhibits growth in rats but is relatively much weaker for growth in- 


hibition than cruder vreparations, The explanation for the disvrepancy 
in activity by the two criteria is being sought. 


Guar Bean 
A potential source for o mucilagenous or gumlike material would 
appear to be available. in the guar bean, now boing grown as a minor crop 
in Arizona, Tho milled endosperm has unique colloidal properties and 
preliminary studies indicate a high degree of commercial usefulness as 
an emulsifier and thickener in products of the food and pharmaceutical 
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_ industrics, and as a sizing oe in the DEPT and textile industries. 


Bee ei uiery tiie, rather’ limited - in scope,: Pec thot further 
study of tho head bean is definitely bbadash atged 


Te nn Seen eee ay nc eC TS RCA AS § ESS SE SIRES 


Objective | Evaluation ou Reflectance. Color of Vogetables : “stato ue 


The influence of nupiicadaawe color on sadamtaue rine of foods. has led 
to an investication of the applicability of spectrophotometric methods to 
objective evaluation of color changes caused by processing procedures, Tri- 
chromatic specification is proving applicable to evaluation of these changes, k 
the actual choice of variable depending upon the product and the. purpose agit 
of the investigation. Further application of these methods is being made 
in studies of other processing-produced changes such as heat damage in 
dried potatoes. 


WHEAT UTILIZATION INVESTIGATIONS ; | “a 


“INDUSTRIAL NONFOOD USES OF GLUTEN 


Phosphorylation of Proteins with Phosphoric Acid. 

eactbion of wheat gluton with phosphoric acid results in the intro- 
duction of phosphate groups on.the aliphatic hydroxyl groups. The 
reaction and the properties. of tho product are analogous to thoso 
observed with wheat gluten and sulfuric acid. The sulfating procedure is 
cheaper, but the phosphate derivative might have wiique properties which 
Will make it more useful. 


GLUTEN SULFATE 


Batch Pre naration or Gluten Sulfate 
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A gras enough quantity of this wheat derivative has now been made 
to pormit distribution of generous samples to possible users, This is 
the first step in determination of possible outlets for the matorial and 
the price levcl at which it would have to be put on the market, 


ISOLATION, ANALYSIS, AND CHARACTERIZATION OF CONSTITUENTS . 


Lipic-Protein. Relationship in Gluten 


 sltenetinanliendieceaiteiaiee aie eat eee a = = 


The relationship of lipid -to protein in the formation of gluten 
from wheat flour is being studied in detail. It has been shown that Neb 
gluten has the capacity to bind more than five times as much total pecan) 
lipid as is originally present in wheet flour. The capacity to bind ~~ 
phospholipid is even greater. Ole 


The binding of lipid by flour has been demonstrated with two hard 
wheat, one soft wheat and-one durun (macaroni) variotics. Similar a 
values wero. obtained in each caso. 


The domonstration thet gluten protcins can bind lipid during kneading 
even in excess of thet present in the flour is of importance in the 
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technology of baking. It is not generally realized the kneading opera- 
tion accomplishes a reaction between the protein and the addod fats, 

The fractionation studies are of importance in determining the properties 
of fateonriched gluten for possible industrial utilization. 


Lipids of Wheat Humins 


Samples of wheat humins (residue from the manufacture of sodium 
glutamate) submitted by two companies showed an oil content of 15,3 and 
51,8 per cent, respectively, The ether extract was largely free fatty 
acids although significant portions (22.5 and 13,3 per cent, respectively) 
consisted of glycerides, This work indicates that wheat humins are a 
possible although minor source of fatty acids, particularly of oleie and 
linoloic acids, 


OF Lior Pennycress Seed 


A preliminary examination of the secd of pennycress has been mado. 
Pennycress is available in the sereenings from wheat which in»some areas 
contains appreciable quantities as a weed sced, Tests were run on a 
sample submitted by the Montana Experiment Station where pennyeress 
seed is being investigated as a possible domestic crop. Proximate 

analyses indicate that this secd has an oil content of about 34.5 per 
cent (dry basis) and a protein content of about 2164 por cent, 


The oil is said to be similar to that of rape and mustard sced in 
its high content of’ erucic acid, and hence would be valuable in spécial 
lubricants. 


ay ee if 


| EASTERN REGIONAL RESEARCH LABORATORY 
P. A. Wells, Director 


‘¢ \PPLE AND OTHER FRUIT UTILIZATION INVESTIGATIONS 
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JUICE, PRODUCTS 
Processing wad ae madi 


ak Darksae the 1945- 1946 season a number of packs of apple juice were 
prepared, processed. and stored under different conditions in an attempt 

to evaluate the influence on quality of different manufacturing practices, 
and to determine the most satisfactory method for obtaining a full-. 
flavored and stable juice. The different types of processing used were 
(1) strained (200 mesh), (2) filtered, (3) centrifuged, (4) enzyme’ 
clarified, (5) gelatin-tannin clarified; (6) bentonite clarified, and 

(7) with added essence’ 


The most pronounced effiect on stability during storage was the 
effect of temperaturee Cold storage very markedly aided flavor re- 
tention and also retarded sedimentation in all of the packs. At. room 
temperature storage there was a rather pronounced loss of fresh-flavor 
in the first :two or three months and after that there was little further 
‘change. The rate of sedimentation also roughly ae the loss of 
flavor at room temperature storage. 


The taste panel showed a definite preference for cloudy juices over 
. the clarified, although the difference was less marked’ after. storage for 
several months at room temperature. In regard to flavor, there was 
little to choose between the different methods of preparing either the 
cloudy or clarified juices. Some sediment separates from the cloudy 
juices on storage at room temperature, but this sediment does not seem 
to be as objectionable nor as.noticeable as the sediment which separates 
from the enzyme clarified juices. 


Juices clarified with gelatiin-tannin or bentonite are more stable 
as regards sedimentation than the enzyme clarified. The latter de- 
posits considerable sediment on ‘storage at room temperature which is 
very noticeable in the clear juice. » Storage at 35° F. prevented this 
sedimentation. All methods of clerification involve holding periods 
and considerably more manipulation than is necessary in the Prepe nana 
of cloudy juices. 


The addition of apple essence to. the juice just prior to bottling 
improved the flavor, especially of the clarified juice. . The improve- 
ment in flavor is not as marked after several months! storage at room 
temperature. However, it is believed that the addition of essence may 
be of definite value, especially in the case of clarified juices, 


VOLATILE FLAVOR RECOVERY APPLICATIONS 
Significant progress has been made in the commercial development 


of the apple essence recovery process developed here several years ago. 
At present there are five manufacturers known to be producing fruit 


4 sssences ‘for. sale. Three OL vibe are producing only apple essence. 
wens of these companies estimates they now have an annual capacity for 


ds producing 35,000 gallons of apple essence from the 700,000 gallons of 


concentrate they are planning to produce from 5,000,000 gallons of 

juice which is equivalent to approximately l- 1/2 million bushels of 
apples. Another of the above. companies has been producing apple, grape, 
peach, and cherry essence from a unit.with a capacity of approximately 
5,000 gallons of juice daily. The most recent company to start produc- 
on has recovered essences in a relatively small unit from strawberries, 
eer eles: blackberries, apricots, cherries, and peaches. 


In addition “si the above, it is understood waere are thirteen 
companies now engaged in the production of the essences from apples, 
grapes, pineapples, and oranges for use in their own products. Thirty- 
one other companies have indicated a serious interest in the installa- 
tion of the essence recovery process and are planning to go ahead as 
soon as they can obtain the necessary equipment. 


Inasmuch as there is such a diversified interest in the evaluation 
of the process for the recovery of the essence from a large variety of 
. fruits, pulps, and by-products, other than fresh apple juice for which 
the process had been originally developed, active efforts have been 
directed toward interesting consultants end equipment manufacturers in 
the development. As a result, ten consultants and six equipment manu- 
facturers are now actively aeereeecd in the solution of problems aris- 
ing from special ek sare ae of this development. 


opie essence has demonstrated its value. as a result of numerous 
industrial evaluation tests and consequently a commercial demand has 


_- been created for it as an ingredient in beverages, table sirup, icés, 


pharmaceuticals, confections, jellies, preserves, gelatin desserts, 
apple sauce, apple pies, and as a bait attractant. 


The he ae selling price. of apple essence is $15.00 per gallon. 
The demand is, far in excess of. supply. ; 


FIRMING OF APPLE SLICES 


The soft character of certain varieties of apples has severely 
limited the methods by which they may be processed satisfactorily, with 
consequent restriction of commercial outlets. For example, such varie- 
ties as McIntosh and Delicious, and all summer varieties, are practical- 
ly excluded from use in the pie, canning and freezing deer ies. The 


_ development of methods by which such apples and. other fruits could be 


firmed to the proper degree has long been sought by the industry. 6n 
the basis of our experience in studies on the preparation and properties 
of enzyme de-esterified pectin it appeared that a method might be devel- 
oped through the use of the enzyme pectase. “Active work on this problem 
was undertaken during the past year, and a process was developed which 
involves introducing a solution of. tomato pectase into the apple slices 
under conditions which cause a modification of. the. pectin in situ. The 


ee coculting slices when baked or otherwise cooked ‘are quite firm. - 


no: 


‘ “While these Piae: were underway, workers at the Massachusetts 
Agric eos! Experiment Station described an entirely different method 
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in which apple slices were firmed by dipping in a calcium solution. 
Following the publication of this work informal cooperative studies 
were undertaken with that Station to compare the pectase and the 
calcium methods, pf 


Summer and early fall varieties of apples were studied to deter- 
mine whether they could be adequately firmed by either calcium or a 
combination of calcium plus pectase. These included Yellow Trans- 
parent, Williams, Rambo, .Star, Gravenstein, Wealthy, McIntosh, Smoke-. 
house, Jonathan, and Stayman. The laboratory procedure for testing the 
effect of either calcium or calcium plus pectase was: to cover the. slices 
with the desired solution, evacuate the slices to remove air, and then 
release the vacuum, causing the solution to be forced into the air 
Spaces. This procedure insured uniform distribution of the reacting 
solution throughout the-slices. The slices .treated with pectase enzyme 
were allowed to stand one hour before cooling. The slices were cooked 
in boiling water for 20 mintues, cooled, and examined for firmness. Five 
or ten pound lots of firmed slices of each variety were baked into pies 
at & commercial bakery. 


Each of the above varieties when in a firm ripe or slightly im-_ 
mature condition (usuel market condition) was adequately firmed with 0.1 
to 0.3 percent calcium chloride. For that reason it was difficult to 
determine if a combination of calcium plus pectase gave any additional 
‘increase in firmmess. As the apples advanced in maturity the calcium be- 
came less effective and higher concentrations were required. With over- 
ripe fruit calcium did not give adequate firming, but a combinatien of 
calcium plus pectase, or calcium plus sodium acetate did give adequate 
firming. 


An attempt was,made to develop improved and simplified procedures 
for applying calcium solutions to apple Slices. It was observed that 
when slices containing the usual amount of air were dipped in a calcium 
chloride solution, the resulting product was case hardened, or firmed 
only on the surface. However, if the slices were first evacuated or 
steamed to eliminate the air in the pores of the tissue, such. slices 
when dipped in calcium chloride solution were uniformly firmed and 
Showed no case-hardening. 


‘Several simplified procedures, suitable for commercial usage, have 
been developed for calcium-firming apple slices prior to canning or, 
freezing. ,One commercial apple processor in Michigan recently packed 
one thousand, 30-pound cans of frozen.McIntosh slices, using one of the 
calcium chloride procedures. Two more companies planned to run commer- 
cial trials during December, and several others have made plans to put 
up-darge packs of calcium firmed slices at the start of next season. 


VEGETABLE UTILIZATION INVESTIGATIONS 
LEAF PROTEINS AND OTHER CONSTITUENTS 
Antibiotics from cuitee | 
In cooper Ee On with the iechi vay Agricultural Experiment Station 


studies on antibiotics from onions were undertaken during the past 
year. 
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Using dehydrated garlic powder supplied by the Michigan workers as 
a standard of antibiotic activity against Phytomonas phaseoli and other 
gram negative organisms, it has been possible to test the activity of 
numerous onion preparations in an endeavor to find methods-of concen- 
trating and isolating the antibiotic substance or substances present in 
certain varieties of onions. : 


Various methods of drying onions were tried as well as methods of 
extraction of fresh onions and onion juice. Air drying, either in a 
tray or drum drier, resulted in an almost total loss of antibiotic 
activity even at temperatures as low as 140° F. Vacuum oven drying 
yielded a product with slight activity and vacuum drum drying gave a 
product of low activity when the product was still tacky and no activity 
when completely dried. 


Since all conventional methods of drying onions or onion juice 
caused practically complete destruction of the antibiotic principle 
present in the fresh material, the method of drying from the frozen 
state was tried. By this procedure it was possible to dry onion juice 
and retain the antibiotic activity to a partial extent. Since even 
this method destroyed about two-thirds of the activity it seems im- _ 
practical for large scale use. Solvent extraction with a liquid-liquid 
extractor can be used to obtain a concentrate in the form of an oil 
which has about eight times ag much activity as the original juice. 


Extraction of the wet material seems indicated but its large scale 
application may be difficult since preliminary pilot plant studies have 
already indicated that the fresh onion Slurry is a very irritating and 
disagreeable product with which to work even on a moderate scale. 


AMINO ACID ANALYSIS OF VEGETABLE IEAF PROTEIN CONCENTRATES 


The amino acid contents of vegetable leaf meals and protein con- 
centrates prepared from vegetable leaves by fermentation with Clostridium 
roseum and by formic acid extraction are being determined by the micro- 
biological procedure of Stokes. From the results obtained so far it 
appears that the vegetable proteins are similar in their amino acid con- 
tents and appear to be good sources of most of the ten essential amino 
acids determined. 


RUTIN: 
Agronomic Studies 


Experiments in cooperation with the Pennsylvania Agricultural Ex- 
periment Station and the Bureau of Plant Industry, Soils and Agricultural 
Engineering were performed last summer to determine the effect of ferti- 
lizer treatment on two species of buckwheat. Of the two Species, Tar- 
tarian (Fazopyrum tetaricum) and Japanese (Fagopyrun esculentum), the 
Tartarian was superior to the Japanese, both as to percentage of rutin 
and total yield per acre. In addition, the rutin content did not begin 
to diminish as early as in the Japanese and, therefore, the date of 
harvest is not so criticad.=~Onithe: soil studied, the results obtained 
indicate that the application of phosphorus alone produces greater in- 
creases in the rutin content than does application of phosphorus and 
potassium;or nitrogen, phosphorus and potassium. 
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Analytical Studies ae, 
An ultraviolet spectrophotometric method has been developed for 
determining rutin in partially. purified preparations and in pharmaceu- 
tical tablets. The method involves measurement of the ultraviolet 
absorption of 95 percent ethanol solutions at two wave lengths to 
determine rutin and its aglycone quercetin, and measurement of ab- 
sorption of ethanol solutions at five wave lengths in the visible 
spectrum in order to detect the presence or absence of chlorophyll and 
the red pigment of buckwheat. The method is extremely sensitive and 


well adapted for establishing the purity of rutin for pharmaceutical 
USE. 


Clinical Testing 


Two exhibits presented at meetings of the American Medical Associa- 
tion, as well as several new publications. on the clinical use. of rutin, 
have appreciably widened medical interest in this drug during the, past. 
year. 


Clinical testing in cooperetion with physicians has been continued. 
As a result of interest aroused in medical circles on the subject of 
Putin) yer additional number of physicians have requested rutin for use 
in their practices. A paper by Dr. Ralph L. Shanno of Wilkes-Barre, 
Pennsylvania on "Rutin: A New Drug for the Treatment of Increased Cap- 
illary Fragility" was published in the American Journal of Medical 
Sciences for May 1946. Drs. Griffith, Lindauer, Shanno and Couch pre- 
sented a scientific exhibit on the medical applications of rutin at 
the San Francisco Meeting of the American Medical Association, July ul 
to 5, 1946. The incidence of increased capillary fragility in hyper- 
tension, effect of therapy with thiocyanate and relation to the hemor- 
rhagic complications of apoplexy and retinal hemorrhage, and the result 
of treating such persons with rutin, including effect on blood pressure 
and symptoms and comparison of results with hesperidin, were. denote ee 
More than 2,000 copies of this exhibit have been distributed to inter- 
ested physicians. The exhibit was honored by receiving a certificate 
of award from the committee of the American Medical Association. A 
similar exhibit presented before the Pennsylvania State Medical Society 
in Philadelphia, October 7-10, 1946, by Drs. Griffith, Shanno and Lamott 
was awarded second prize. 


A paper on the use of rutin in the treatment of hereditary ‘hemor- 
rhagic telangiectasia was published by Dr. S. D. Kishlan of the Yale 
Medical School. It was demonstrated thet bleeding from the intestines, 
nose and gums Was promptly arrested by administration of the drug. 


Dr. Mo: I. Plungian of Temple ‘University edhoell of Pharmacy has © 
prepared a paper describing preliminary studies on the coagulation 
of the blood of rats brought about by rutin, especially in the presence 
of bile salts. Dr. Plungian. has found that rutin decreases the coagu- 
lation time of the blood but the effect is-not apparent for 3 weeks. 
When bile salts are given simultaneously the effect appears in 24 hours. 
The opposite action of dicumerol is antagonized by rutin, especially 
in the presence of bile salts.- Members of the laboratory staff col- 
laborated with Dr. Plungian in this work. 
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Commercial Production 
rece anemones 


A number of companiés produced rutin on-a manufacturing scale 
during the past sumer. Included among these are: The Abbott Labora- 
tories; Parke, Davis & Company; E. R. Squibb & Son; The Maltine Ce.; 
New York Quinine & Chemical Company; Sharpe and Dohme; S. B. Penick 
and:Company; Wm. S. Merrell Company; J. T. Baker Chemical Company; The 
Medical Products Company. Total rutin production in 1946 is estimated 
at 10,000 pounds. | 


Tablets of rutin have been placed on the market for retail sale 
by The Abbott Laboratories and E. R. Squibb & Son. Indications are that 
at least four other companies will shortly follow suit- ; 


The Laboratory has actively cooperated with commercial producers. 
Repeated conferences have been held with members of their technical 
staff, studies have been made on the large-scale drying of buckwheat by 
commercial'driers, and-close association has been maintained with chem- 
ical firms that are producing rutin from buckwheat. 


TOBACCO UTILIZATION INVESTIGATIONS: 
“RECOVERY OF NICOTINE FROM TOBACCO 


During the past season attention was directed to certain processing 
problems which would be involved in the use of Nicotiane rustica for 
the production of nicotine. Studies by the Department's Bureau of Plant 
Industry, Soils and Agricultural Engineering have shown that nicotine 
yields from Nicotiana rustica under irrigation amount to 150 to 36 
pounds per acre, whereas in rain areas less than one hundred pounds are 
usually obtained. Since there are no nicotine extraction factories 
in the growing areas most ravorable for this type of tobacco, studies 
were undertaken to determine whether it would be feasible to recover 
" nicotine from the fresh plant in new factories located in the proper 
growing area, or whether drying and shipping the tobacco to existing ex- 
traction facilities would be preferred. 


In cooperation with the Bureau of Plant Industry, Soils and Agric- 
ultural Engineering, plots were grown at Wyndmoor, Pennsylvania; Belts- 
ville, Maryland; Transon and Waynesville, North Carolina; Greeneville 
and, Springfield, Tennessee; and, in addition, at two points in Alaska 
by the Alaska Experiment Station. The Alaskan studies are of importance 
Since if it is feasible to produce the crop in that territory, it would 
' give Alaska an exportable agricultural crop which does not now exist. 
The crop could be processed on the Spot and the concentrated product 
exported in steel containers. 


The yields of nicotine secured at Wyndmoor ranged up to 240 Vounds 
per acre. Since the field work was arranged to meet the daily require- 
ments of the laboratory and the pilot plant for material, it was not 
practical to handle the field work so that maximum acre yields could be 
secured as would be done where the agronomic features were the first con- 
cern. However, the matured lots of tobacco used during the season yielded 


at rates above 200 pounds of nicotine per acre. 
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The green weight of the matured tobacco harvested at various times 
and calculated to a full field stand of 10,000 plants jper°acre yielded 
about 28,000 pounds, or 4,200 pounds dry basis. This includes the 
entire plant of leaves and stalks. These yields were secured in a field 
of only medium fertility. hihi shell ; 

The nicotine content of various samples is regarded as normal. 
While some of the leaf tissue analyzed fairly high,-up to 12.4 percent, 
the average nicotine content of the whole harvested plant (stalk and 
leaves) is of first cee Reasonably large lots of plants har- 
vested for the pilot pl studies and in which leaves and stalks were 
used, ranged in Rane | whee from 5.55 to 6.79 percent on a mois- 
ture free basis. This’ is considered well within the range of "good" 
yields. Data from the remaining plots are not yet available. 


Distillation of Nicotine 


Experiments carried out in the pilot plant, using whole fresh 
rustica plants of between 1.6 and 6.8 percent nicotine content, showed 
that nicotine can be recovered from them in good yield by a comparative- 
ly simple process. The fresh plants were reduced to a slurry by passage 
through a hammermill equipped with a-screen having holes one-half inch 
in diameter. This slurry was then charged into a cylindrical vacuum 
drier equipped with an agitator. Lime was added to the mixture to release 
the nicotine and it was then distilled at atmospheric pressure. Ninety 
to ninety-five percent of the nicotine in the plants. was. recovered in 
the distillate... The concentration of We oe in this distillate was 
about 0.8 percent, as compared with 0.6 percent in the distillate usually 
obtained in the commercial processing of toba acco stems. 

Attempts to obtain higher concentrations of nicotine in.the dis- 
tillate by the use of various combinations of vacuum and atmospheric 
distillation were not successful in that, although some of the nicotine 
was recovered in a more concentrated eae the overall recovery was. low. 


Metal Nicotine Salts and Nicotin ium Salts 


Insecticidal evaluation of a number of metal nicotine salts and 
nicotinium salts was conducted in cooperation with entomologists at the 
Connecticut Agricultural Experiment. Station. Laboratory tests on an 
extensive’ series of nicotinium salts against Aphis rumicis indicated 
that only those compounds having a dinitrophenyl group were more toxic 
than the nicotine sulfate controls. Didodecyl nicotinium dithiocyanate, 
however, exhibited a steep dosage mortality curve and approximated nico- 
tiné culrete in toxicity in the high mortality rang Zine nicotine 
thiocyanate was evaluated in field tésts against a Oriental fruit moth 
in Elberta peaches. Spray applications containing no wettable sulfur 
were more effective than comparable sprays containing sulfur. The zine 
nicotine thiocyanate Sprays gave fair control of the Oriental fruit moth 
but were less effective than bbT-s sulfur” dusts. ‘ 


Field tests against the cabbage ‘maggot on radishes werecondueted 
in cooperation with the Pennsylvania Ag sricultural Experiment Station. 
Cupric dinicotinammino fumarate was found to give good control but was 
Inver Lor aLvoy Di. 
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‘The fungicidal evaluation of nicotinium salts was continued in 
coopération with the Rhode Island Agricultural Experiment Station. 
Attempts were made to improve toxicant retention under field conditions. 
Preliminary laboratory tests indicated that abietic acid and 2-naphthol- 
6-sulfonic acid were most effective of the twelve acidic materials 
formulated with dodecyl nicotinium bromide. 


Nicotine-DDT 

Results of field tests against the European corn borer with nico- 
tine bentonite-DDT mixtures were reported by cooperating entomologists 
at the Connecticut Agricultural Experiment Station. No definite, un- . 
equivocal evidence of synergism was shown in these tests, although 
mixtures containing 3 parts of nicotine bentonite and 1 part of DDT were 
slightly more cffective than other ratios of the toxicants. 


MILK PRODUCTS UTILIZATION INVESTIGATIONS 
MILK PROTEIN STUDIES 
Bristles from Milk Proteins 


The method for making casein bristle has been further developed. 
Special equipment was designed and constructed which solved the diffi- 
cult problem of continuous operation of the hardening and drying steps. 
As a result the entire process can now be accomplished in a wholly con- 
tinuous manner. This has resulted in improvement in the quality of the 
fiber, particularly as regards flexibility. Based on our experience in 
the development of the process, assistance was rendered in the establish- 
ment of a new factory at Salisbury, Maryland for the commercial manu- 
facture of casein bristle. This factory, which was formally opened on 
November 25, 1946, is owned by the Rubverset Company and manufactures 
both fiber and brushes. It is expected that casein bristle brushes will 
soon be on the market. | 


Structure of Proteins and Protein Fibers 


An important phase of the utilization investigations on milk by- 
products is concerned with basic studies on the separation, purifica- 
tion, analysis, structure, chemical modification and other reactions 
of the protein components of milk. Information derived from such work 
is frequently essential in the solution of various practical utiliza- 
tion problemse For example, by controlled experiments we are deter- — 
mining the contribution of the various groups present in proteins to 
their water absorbing properties. These studies are essential to an 
understanding of the properties of protein fibers, and they tell us 
what maximum effects can be expected from the blocking of any particular 
group by chemical. modification. 


During the past year studies of vapor phase absorption of water by 
proteins and model substances have given interesting results upon a 
series of glycine peptides. Both the di- and tri-peptides, which are 
definitely non-hydroscopic, and the higher members of the series, which 
show the major characteristics of water absorption of proteins, have 
only amino, peptide, and carboxyl groups. ‘There are indications that 
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the contribution of the latter is negligible, and in benzoyl tetra- 
glycine the peptide group alone probably accounts for the observed 
effects. 


Molecular Weight of Lactoglobulin 
pele i MA bash Sa A: Rea ls “eat ho a 


Considerable interest has been aroused recently in the determina- 
tion of high molecular weights by the light scattering method of Debye. 
We have developed an improved apparatus for applying this method to 
proteins and other high molecular weight materials. The apparatus com- 
prises a sensitive photoelectric photometer for measuring the light 
scattered by dilute solutions, and a differential refractometer for 
measuring the refractive index difference between a dilute solution and 
a pure solvent. Both quantities are required for a determination of 
molecular weight. The light scattering method has the advantage of 
rapidity as compared with other methods. This is especially important 
in the case of proteins since denaturation with time is likely to oecur, 
Another feature of the method is that denaturation can quickly be 
detected and followed by light scattering measurements, A value of 
50,000 has been obtained for the molecular weight of beta-lactoglobulin 
on the above-mentioned apparatuse The uncertainty of this determina- - 
tion is conservatively estimated as 15%.  This-result compared favor- 
ably with values reported in the literature, which range from 33,000 
for wet crystal X-ray data to 42,020. for chemical analysis. 


Amino Acid Composition of Alpha-and Beta-Casein 
ee nee erat ances EE PEER VaAReAl. 


The isolation of two mutually distinct components from casein, re- 
cently reported. from.this Laporatory, has-made it important to investi- 
gate their comparative amino acid composition. Noteworthy differences 
have already .been revealed. In the following sets of values each figure 
denotes the average of replicate analyses for whole casein, alpha- and 
beta-casein respectively, the amino acid contents being expressed as 
grams yielded by 100 grams of dry ash-free protein;. lysine, 8.1, 8.9, 
6.6; arginine, 4.1, 4.3, 3.4; histidine Sil, O69, els UyNOsiNe « Gro, 
8.1, 3.2; tryptophane, 1.3, 1.7, 0.5. The histidine content of the 
fractions appears to be the same within the limits of experimental 
error but the other amino acids thus far investigated are present in 
appreciably higher amounts in alpha-casein than in the. beta fraction. 


CARBOHYDRATE STUDIES 


Resin and #lastomer Intermediates, Plasticizers and Solvents from 
Lactic Acid 


The supply of plasticizers is seriously inadequate for the grow- 
ing needs of the plastics and elastomer industries, and it is expected 
that this condition will continue for at least two or three years. 
Vinyl chlorice polymers and copolymers will require the largest volume 
of plasticizers, byt. large quantities willbe’ used also with materials 
such as cellulase acetate, ethyl cellulose, nitroceliulose, polyvinyl 
butyral, and nitrile rubber sa <4 0b is estimated that over 200,000,000 
pounds of plasticizers, commanding prices as high as $1 per pound, will 
be needed for vinyl chloride resins alone in 1947. It is of interest 
to compare the volume of plasticizers (200,000,000 pounds for vinyl 
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chloride resins alone) with the total annual production of lactic acid, 
1+eé+6, about 6,000,000 pounds. 


In view of this situation and the ease with which lactic acid can 
be converted into derivatives having many of the properties required 
in plasticizers (such as low vapor pressure, compatibility with com- 
mercial resins, and water insolubility), considerable attention has 
been given to the development of plasticizers from lactic acid. Dis- 
tillation methods were not employed to purify certain of the lactic 
acid plasticizers because of high molecular weight and in the interest 
of economy. The undistilled products, however, were adequately refined 
by washing with alkaline solution and decolorized with activated carbon. 


Polylactic Acid Esters 
Et aa othe Et kd ssl dae 


During the past year studies on the preparation of a new class of 
lactic acid derivatives was undertaken. These new compounds are esters 
of polylactic acid which have considerable potential usefulness as 
plasticizers for certain types of polymers. Preparation of the poly- 
lactic acid esters is accomplished by heating a lactate ester in the 
presence of a suitable esterification catalyst. In the case of methyl 
lactate, for example, methyl polylactate is produced along with methyl 
alcohol. By continuous removal of the alcohol favorable displacement 
of the equilibrium is effected, resulting in excellent yields of the 
polylactate ester. In this manner methyl, ethyl and butyl polylactates 
having an average of 3 to 5 lactic acid units in the polymer were pre- 
pared. By appropriate treatment these esters can be converted to. the 
corresponding acetate, propionate, etc. | 


Because of the low vapor pressures of the polylactates, purifica- 
tion by ‘distillation has not proved feasible. They may be decolorized, 
however, by treatment with activated carbon. The esters thus decolorized, 
although not chemically pure, are almost colorless, essentially neutral 
esterse The evaluation of these materials as plasticizers is incomplete, 
but the compatibility of methyl acetyl polylactate and butyl acetyl 
polylactate with vinyl chloride-acetate copolymer and ethyl cellulose 
has been demonstrated. . 


Plastics, Adhesives, Coatings and Elastomers from Lactic Acid 
ee i ee Riad a ies seca eee Deak arnt 2d edotlaelh albedo at ray setae dencvlanabal 


Acrylic Rubber: The superior resistance of Lactoprene EV vulcani- 
zate to heat was reported last year. This outstanding performance, how- 
ever, is limited to ‘dry heat and does not include exposure to steam or 
hot waters Usually Lactoprene EV vulcanizates increase in volume by 
100 percent or more when immersed in. steam for several.days. An import- 
ant application for heat resisting rubbers is the material for curing 
bags used:in the manufacture of automobile tires. Present tire manu-. 
facturing methods require that the curing bag be capable of withstand- 
ing sd lek al exposure to live steam at temperatures in the neighborhood 
of 310° F. Because of the possibility of utilizing Lactoprene EV in 
this field, steam and water resistant formulations were investigated. 


It was found that the use of certain metal oxides, specifically zinc 
oxide, lead oxide; and magnesium oxide, as fillers.in lactoprene black 
stocks improved the water resistance of the vulcanizate. 
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Combinations of zinc oxide and magnesium oxide are most effective in 
this respect, and appear to be preferable to combinations containing 
lead oxide. The lead oxide is objectionable because it causes further 
curing of the vulcanizate at elevated temperatures. Further improve- 
ment in water resistance is being sought. 


ANIMAL FATS AND OILS UTILIZATION INVESTIGATIONS 
PROCESSING STUDIES 


Further progress has been made in the studies of hydrogenation as 
a means of improving the physical properties and of increasing the 
Stability of lard. Through examination of Samples representing succes- 
Sive stages in hydrogenation of lard to Stearins, it.was found that the 
stability toward oxidative rancidity increased proportionally to the 
decrease in linoleic acid content, When linoleic acid (as glyceride) 
had been nearly completely hydrogenated, principally to Oleic and iso- 
Oleic acids, the stability increased rapidly. On further hydrogena- 
tion, ‘the stability increased proportionally to the decrease in oleic 
acid content. Finally, when the iodine value of the sample had been 
decreased to about 20, at which point probably nearly all normal oleic 
acid had been hydrogenated, further hydrogenation proceeded ‘more Slowly 
and there was another sharp increase in stability. During this final 
Stage the increase in Stability seemed to be related to the decrease in 
iso-oleic acid content, | 


The percentages of tri-, di- and mono-saturated and tri-unsaturated 
glycerides of the Original lard and of the Samples of lard hydrogenated to 
Successively greater degree were determined. In theearly stages of 
hydrogenation the amounts of tri-saturated and di-saturated glycerides 
increased, resulting in corresponding decrease in mono-saturated glycer- 
ides.- Buring the later phase of hydrogenation, after nearly all the 
linoleic acid had been hydrogenated, tri-saturated and di-saturated gly- 
cerides increased at a faster rate owing to reduction in tri-unsaturated 
as well as mono-saturated glycerides. 


STABILITY AND STORAGE INVESTIGATIONS | 


Studies concerned with the Synthesis and evaluation of ‘various new 
compounds as antioxidants for fats have been continued. Greatly improved 
yields were obtained by use of a hydrogen bending agent, which overcame 
the interference of hydrogen bonding with the normal esterification of 
gallic acid and the higher alcohols. By this procedure, pure lauryl 
gallate has been prepared in yields of 70-80 percent, iF 


The antioxidant Properties of these various compounds aré being. 
tested by the active oxygen stability test and by baking tests. The 
baking tests are used to determine the power of the antioxidant to protect 
the fat in baked products. Tests to date indicate that the higher gallate 
esters compare favorably with the best of antioxidants which are used in 
animal and vegetable shortenings. 


Information on initial oxidation products of polyunsaturated fatty 
acids was obtained, Spectrophotometric data indicate that, on storage 
in the presence of air, linoleic and linolenic acids undergo autoxidation, 
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producing compounds which on heating have one more double bond than 
the initial acid, and these double bonds are conjugated. 


PLASTICS, PLASTICIZERS,. COATINGS AND OTHER INDUSTRIAL CHEMICALS 


When 9,10-epoxystearic acid is reacted with allyl alcohol, allyl 
allyloxyhydroxystearate is produced. When this compound is copoly- 
merized with vinyl acetate it yields insoluble clear colorless polymers 
which range in physical appearance from hard and glass- -like to soft and 
xubbery. Polymers prepared from allyl esters, such as ‘diallyl phthalate, 
ere a relatively new class of polymers which approach glass in surface 
hardness. Since it has been demonstrated that the widely-separated allyl 
groups in allyl allyloxyhydroxystearate are both capable of entering into 
copolymerization reactions, this compound may be a valuable addition to 
the list of active monomers for use with diallyl phthalate, etc., to 
give modified copolymers having industrial utility. 


Vinyl. oleate, furfuryl oleate and oleyl oleate have been prepared 
in good yield ion pure oleic acid by relatively simple methods. The 
products are colorless and odorless, high-boiling liquids. These esters, 
as well as beta-chloroallyl oleate oy metheallyl oleate, were algo co- 
polymerized with vinyl acetate to yield, with the exception of furfuryl 
oleate, clear, insoluble colorless polymers which are similar in physical 
appearance to the allyl vinyl acetate copolymer described above. Fur- 
fury] oleate yielded a soluble. polymer. 


The fact that the esters. of oleic acid described above yield insol- 
uble polymers when they are copolymerized with vinyl acetate indicates 
thet the 9,10-double bond in these compounds can be activated so as to 
be hen in copolymerization reactions. It should be possible, there- 
fore, to copolymerize oleic acid, and compounds structurally related to 
hres Seen other active, unsaturated monomers, such as vinyl chloride, 
styrene, ‘acrylic acid derivatives, etc., which are commercially ayailable 
and used in large quantities. By such a reaction, the fatty acid chain 
can be made,an integral part of the polymer molecule and should impart 
very, interesting and valuable properties to the finished product. 

Since the fatty acid chain would be actually combined chemically in the 
polymer and the double bond would no longer be present, relatively 
permanent plasticization and polymer modification should be attainable. 
This use for oleic acid and related products represents a potentially 
large outlet for fats. 


POTATO UTILIZATION INVESTIGATION 
TECHNOLOGY. OF POTATO STARCH 
Storage and Quality Studies 


Work undertaken in cooperation with the Maine Agricultural Experi- 
ment Station to determine the influence of storage conditions on the 
starch content and the yield and quality of starch from potatoes was 
completed. Green Mountain and Katehdin potatoes, the two leading 
varieties grown in Maine, were stored at various temperatures ranging 
from 34° to 60° F, Samples were removed periodically Yor enalysis and 
_ Starch recovery tests during a total storage period of 37 weeks. 
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The most important chemical changes occurring in potatoes in storage 
from the point of view of industrial or food uses are those in starch and 
sugar contents.’ The results indicate that relatively large increases 
occur in the total sugars (primarily in reducing sugars) of potatoes stored 
at 34° and 36° F., the greatest increase occurring in the first 13 weeks 
of storage. At storage temperatures of 38° and 42° F, the increase in 
both total and reducing sugars was slight, and at temperatures of 50° 
and 60° F. the total sugar contents “showed a slight reduction. Parallel 
with the rise in sugar values there was a corresponding decrease in 

starch content. ~ ; F 


‘These results were obtained in potatoes analyzed immediatély on 
withdrawal from'storage. If, however, the potatoes after withdrawal | 
from storage are kept at room temperature for two weeks or longer, the 
sugar contents (both reducing and total) gradually diminish, while a 
corresponding increase in starch content takes place. Green Mountain 
varieties showed this trend to a more pronounced degree than the Katahdin 
varietye Both varieties of potatoes stored at temperatures between 34° 
and 50° F. lost 4 to 6 percent in weight during the first five months 
of storage, while at 60° F. weight losses of 10 to ll percent were in- 
‘curred. ' This ‘loss was not due primarily to evaporation of moisture. 
Ihe percent of moisture in all samples stored at various temperatures 
and for various periods of time-did not vary much more than one per- 
‘cent, and in some cases there was even an increase in moisture content. 
It appears that most of the loss of weight in stored potatoes is due to 
metabolic changes. 


The data on changes in starch and sugar content of potatoes during 
the cold storage and post-storage periods demonstrate that neither the 
starch manufacturer nor the potato dehydrator should use potatoes 
immediately after withdrawal from cold storage. The former will get a 
low yield of starch due to the presence of large amounts of sugars, and 
the latter will get an inferior product due to the large amount of re- 
ducing sugars present. ‘4 


From the viewpoint of industrial utilization it was important to 
determine if storage affects the physical properties of and the ease 
cf recovery of the starch. Accordingly, starch was prepared from 
potatoes stored for various periods of time and at different tempera- - 
tures. No differencesin the ease of recovery or in the quality of the : 
starch (based on hot-paste viscosity measurements) were observed over | 
the original potatoes before storage. 


Analysis of Starch Factory Operations 
ee ar tn rt AD hd Se ete MILLEN 


Basic information on potato starch manufacturing eperations was ob- 
tained through a detailed study of materials balance in two Maine starch 4 
factories. One of these represented the so-called modern type, which . 
uses improved methods of washing and grinding the potatoes, screening 
ef the pulp, protein water removal, separation of impurities and settling 
of the starch. The other was representative of the vat-settling process . 
factory in which the protein water and other impurities are removed i 
during the starch settling which takes place in large concrete vats. 


A yield of 71.3 percent of the available starch Was obtained for 
one day's grinding in the vat factory as compared with 84.5 percent for 
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the modern factory. The amounts of starch lost in. the waste pulp and 
in the removal of protein water were about the same in each factory. 
The lower yield in the old-type factory was due mainly to the loss in 
brown starch, which amounted to 16 percent as compared to 2.2 percent 
in the modern factorv. 


Study of protein balance showed thst more than 80 percent of the 
original protein was discharged in the protein water either by vat 
drainage or by centrifugal separation. The remaining protein was found 
principally in the waste oulp.. The waste pulp from the vat factory 
contained 4.1 percent solids, of which 435.9 percent was starch; the 
waste pulp’ from the modern factory contained 2,7 percent solids, of which 
41.5 percent was starch. The waste products from the vat factory (pulp, 
protein water, and brown starch) contained (on the dry basis) 28 percent 
provein, 45-percent. starch, and 27 percent other constituents (mainly 
fibrous material). The waste material from the modern factory (pulp, 
protein water, and table tailings) contained 32 percent protein, 24 per- 
Cent starch, and 44 vercent other ‘constituents. The difference: is main- 
iyedue to the high starch loss in the browi starch. of the vat factory. 


The basic data obtained in this study will serve’as a suide for 
future. experimental work on (a} improvements in. the technology of 
potato starch manufacture, and 2ae recovery and utilization of starch 
factory waste vroducts. A pilot plant ynit is now being assembled which 
will permit independent study of each processing operation 


STARCH ESTERS AND ETHERS 


Preparation and Evaluation of Allyl Starch 


in view of the wide*industrial ‘interest in allyl starch, every 

effort has been made to perfect a practical and economical method of 
preparing this material. Much experimental work has been carried out 
in order to overgome some of the difficulties encountered, and several 

racticable methods have been developed which yield products that-give 
satisfactory films if properly’ formulated. Pilot plant equipment for 
preparing allyl starch has been designed based on laboratory results, 
and-an order placed for the equipment. As soon as this equipment is 
received, large-scale batches of allyl starch will be prepared, which 
ould afford ample opportunity for more compléte and final evaluation 

both the method of preparing allyl starch and its application as an 
r-hardening protective coating. It should be pointed out that the 
performance of allyl starch as an air-hardening coating is dependent 
not only on preparation but on such variables as solvents, modifiers, 
peroxide cmtent, and possibly molecular weight. A number of commercial 
concérns are actively interested in the manufacture of allyl starch, 
and compicte information on the methods of preparation developed by the 
Laboratory has been supplied them. It is our: understanding ‘that: one 
lurge company is setting up pilot plant facilities for manufacturing 
allyl starch. 
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Influence of Moisture Content. on the Keeping Quality of ‘Potato Starch. 


It has been reported that potato starch undergoes serious deterio-= 
ration on storage atv room temperature for as little as. five months, 


Because mbes tes ‘ator one is “normally: eredhe: a . 
about 17 percent, it was thought that this night eth 
in determining the rate of. deterioration. © 
sample of potato starch were adjusted to: Hol st Ree: GonESHEE: of '5 
20 and 25 percent, and stored at 259 C. for cight months. ~The 
of a 3.5 percient paste of each was then measured. No great change 
viscosities were found, ‘indicating only minor quality deterioration 
the starch. Viscosities measured after storage were slightly higher 
whereas it has been reported by Katz (Textile Research 9,°69 (1938) 
that they should be only a fraction of those initially Stecvedd ‘These 
results indicate that potato.starch can be stored for several months 
room temperature with moisture contents varying from 5 40 20 (Parca 
peep We undergoing significant deterioration. He tine 


TANNING MATERIALS, HIDES, SKINS AND LEATHER INVESTIGATIONS 


DEVELOPMENT OF NEW AND POTENTIAL ‘TANNING MATERIALS. 


Canaigre | p 
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Because of the Bouetaahabie promise of canaigre as a source of bs) 
vegetable tannin, it was felt desirable to secure at least 100 tons of 
-- roots to permit extensive pilot plant scale extraction work and to ob= 

tain sufficient etn Ei eesyiots for commercial tanning tests. 


were inegocuvennis However, as. an initial step in vate temas Oe 
canaigre growing, a small field was planted in October 1946 near Lords- 
‘burg, New Mexico, through the cooperstion of the Lordsburg Chamber of © 
Commerces It is hoped that this, together with roots obtained from ae 
plots at Winter Haven and Lubboc ties Texas, and State College, New Mexico, 


will supply a major part of the material needed for large-scale outed St 
tion and tanning tests. 


Studies on the propagation of cana ilgre eee: enting seed have shov 
thet canaigre propagated in this manner and allowed to grow for three — 
years before harvesting gave a total average yield of 34 tons per acre, 
or an equivalent of 11.3 tons per acre per year. The canaigre roots, 

roduced after three years of growth from seed, showed an average ta 


content of el. 5 percent and a purity of the water extractives averagin 
over 50. | rh it . ary 


Preliminary work has been started on the pilot- -scale extraction 
ee of cenaigre. In these tests the shredded roots were pulped in 

e4 mill, centrifuged to separate the liquor, and the solid matter’ ntee an 
» + ~with water and again centrifuged. It was found that two-thirds. is 
fee sugar present in this liquor could be removed by 24-hour fermentatic 
Aco eon Acrobacter aerogenes, Shige e orn ant in a Dice ME ai: increase He 
‘ee purity of the tannin solution. Cah ery 


Stidies are also underway in the Sito plant to determing the 
cane method of preparing the roots for leaching consistent with rapid : 
oa watering between leaches and’ elimination of AueDEnde es solids 
fermentation of the extracts. 


oes Peoeress. has been fies in ane Sevctonaene of ena tannin Strniny 

oH of sumac in plantings at Beltsville, Maryland which should be suitable 
for. use in establishing small commercial plantings, Further progress 

has ‘been made in comparison of leathers tanned commercially with . 

- Sicilian and American sumacs to demonstrate whether American sumacs 

can be successfully used to replace the imported Sicilian.sumac. Ex- 

tensive data accumulated by the Laboratory on the composition of domestic 


sumac s have been assembled for publication as.a Department Bulletin. 


~Serub Oak 


Progress has been made in the ee of scrub oak. soa as a 
source of tannin. This work is being conducted in cooperation with the 
Engineering and Industrial Experiment Station of -the University of 
Florida. 


The proposed ‘method of iD RES scrub oak bark eres chipping 
of the logs and branches followed by a mechanical separation of the 
wood and bark. A number of methods were tested unsuccessfully, but it 
was finally demonstrated that a commercially available machine combining 
vibration with air levitation effected a satisfactory separation of the 
materials, provided the wood-bark mixture was dry enough to flow readily 
on the vibrating air-float table. The use of this machine will solve 
the principal technical difficulty in the field. 


This work has progressed to the stage at which field operations 
could be started, but is being delayed by difficulties in financing and 
securing the necessary equipment. Our cooperators estimate that when 
the equipment is acquired and ready to operate, about two weeks will be’ 
required to cut the wood and process the 200 tons of bark needed for 
large scale extracting and tanning tests. If the project proves success- 
ful, this development mey.play an important part in BOER ANE the urgent. 
need for increased supplies of domestic tannins. 


‘Pecan Shells 


: Although the tannin from pecan shells is now being, recovered and 
used to a limited extent in tanning, a systematic: study of the separa- 
tion of the shell liners and recovery of this tannin has not been, made 
previously. Preliminary work on this problem involving analysis of 
hand separated inner and outer shell liners from, three improved varie- 
ties revealed that the ‘outer liner. contains less than one percent. 
‘tannin, whereas the innerliner contains from 25 to 39 percent. While © 
the amount of pecan tannin potentially available is small as compared 

_ with the total domestic tannin consumption, it nevertheless represents 
a substantial quantity, which we estimate at 3,000 tons annually. 
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DEVELOPMENT OF COMBINATION VEGETABLE-ALUM "AND OTHER. TANNAGES 


ee CECE looking toward the development of more serviceable 
insole leathers in cooperation with the War Department were continued. 
On the basis of previous tests, it is believed that improved durability 
nsoles may be secured by increasing the amount of AloOz fixed in 
tanned vegetable leather. The tests conducted have sought to 
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obtain an AloOz content greater than three percent, a more uniform 
distribution of Alj0z throughout the cross-section of the leather, and 
a shortening of the time required for processing. 


Last year it was reported that increased fixation of AloOz may be 
accomplished by use of a mixture of sodium tartrate and sodium acetate 
as "masking" agents in the alum liquor and it was believed that the 
tartrate was the main "masking" agent. However, it has now been defi- 
nitely established that sodium acetate alone is at least as effective 
as when used with sodium tartrate. This is important since it permits 
a substantial reduction in cost of the treatment. ot: 


Tanning solutions containing 20 percent sodium acetate, based on 
the weight of AloOz, when used for retanning vegetable tanned sole 
leather bellies, gave in every case A1,0, contents above three percent 
when tannage was continued over a period of one week. 


a 
When subjected to the boiling test, some leathers, even though con- 

taining more then three percent Alj0z, showed a dark streak with shrink- 
age at the center between flesh and grain. This indication of uneven 
distribution of Alj203 was confirmed by analyses of the leather split into 
three sections - grain, interior, and flesh. Although it is quite 
possible that protection of the surface layers would be sufficient for 
insole leathers, nevertheless, attempts are being made to secure more 
uniform penetration and also to shorten the time required for retannage. 


IMPROVED CURING METHODS FOR HIDES AND SKINS 


Basic data are being obtained on the strength of skin before and 
after certain treatments, The data will be of value not only in our 
studies of the effect of hide curing agents on the strength of leather 
made from specially cured hides, but also in studies on tanning agents. 
With present shortages of hides and leather, effective curing methods 
that prevent unnecessary hide losses are importent. 


In studies on the effect of chemicels added to salt for curing hides 
or skins, one of the best mixtures found was salt containing 0.1 percent 
of its weight of paranitrophenol and 1.0 percent of sodium Silicofluoride. 
In tannery trials, however, leather produced from hides cured with this 
mixture was slightly but definitely weaker in tensile strength (5 to 8 
percent) than leather from hides cured with salt alone. The tannery re- 
sults were obtained in three tanneries using entirely different types of 
tanning agents and skins. In our laboratory tests, pieces of hide were 
cured with salt containing (1) paranitrophenol, (2) sodium Silicofluoride, 
and (3) ‘both of these chemicals. The resulting leathers showed no differ- 
ences in tensile strength due to chemicals added to the salt. This re- 
sult is at variance with the tannery tests. Before testing, the leather 
was pressed at 2,000 pounds per Square inch for 3 minutes to simulate 
the rolling applied to sole leather. To determine whether the pressing 
had altered the tensile strength values, the experiment was repeated, half 
the tanned pieces being pressed as before and the remaining pieces being 
pressed only enough to flatten them. Preliminary examination of the 
test data reveals no differences in strength due either to pressing or to 
curing treatment. 
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AGRICULTURAL RESIDUES UTILIZATION INVESTIGATIONS 
COMPOSITION AS AFFECTED BY VARIETY, BREEDING, ENVIRONMENT, AND MATURITY 
Analysis of. Stalks of Flint and Dent Type Corn 
“Sesto (erheceies-tlaed cen anthat lame teehee icarthcte thei twisted cad 


Cornstaiks representing flint and dent types of corn were obtained 
from the South Dakota Agricultural Experiment Station and their component 
parts (stalks and leaves) analyzed to determine if one type was better 
suited for utilization than the other. No Significant differences in 
composition between the stalks of flint and dent types could be found. 

The flint type contained a somewhat greater amount of water-soluble mate- 
rial, but this could be attributed to differences in maturity between the 
two types. A study was made of the published methods for determining 
xylose, pentosans, and uronic acids when appolied to agricultural residues, 
None of three methods (Breddy and Jones, napthoresorcinol or orcinol 
colorimetric, carbon dioxide evolution) was found satisfactory when tested 
on both standard and purified materials such as xylose, galacturonic acid, 
glucose, xylan, and pectin, and natural products such as corncobs, 


SUNDRY NEW PRODUCTS 
Noreseal—-A Cork Substitute 


Due to short supply of brewers! and soft drink raw materials the 
field tests on the lot of 70,000 dispensed Noreseal crovms have not yet 
been completed, However, preliminary tests by five of the leading 
brewers, a number of soft drink companies, and manufacturers of cork 
crown seals have been made on this lot. The practical tests made in 
brewery and in soft drink bottling houses on a total of about 10, 000 
crowns were uniformly excellent. One of the largest breweries indicated 
in writing that in certain respects Noreseal was superior to composition 
cork, The tests made by the crown cork seal manufacturers were all 
laboratory tests and in some cases were wmfavorable, Vhen it was called 
to the attention of those companies submitting such unfavorable reports 
that practical tests were uniformly Satisfactory, several companies sent 
in revised reports shoving Satisfactory performance of Noreseal, It is 
hoped that limited industrial production will be undertaken in 1947. 


Soft-Grit Blasting 


Considerable favorable publicity of this method of cleaning metals 
has resulted in hundreds of inquiries to the Northern Laboratory. 
Present information indicates rather wide use of this method by the glass 
and rubber industries for cleaning molds, by the automotive industry for 
cleaning spare parts, particularly in engine rebuilding, and in foundry 
practice for cleaning mold cores and boxes, This investigation is being 
extended to the use of ground nut shells and other agricultural wastes 
as a source of softegrit materials, 
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Shotgun Wads 


Cooperative work with a large producer of sporting powders has led 
to the manufacture of a superior shotgun shell wad from specially prepared 
wheat straw, 


ALCOHOL AND OTHER LIQUID FUELS 
Synthetic liquid Fuels IRDA SANS CT 


The research work. nets tae Synthetic Liquid Fuels project is - 
‘closely coordinated. with that of the Northern Laboratory, which, since 
its founding, has been engaged on various “pha ses of the problem of fuels 
from a apricultired. products, 


The ‘purpose of the Synthetic Liquid Fuels Project is to detcrmince 
the manufacturing steps and costs on a-semi-works scale of a process for 
the hydrolysis of agricultural residues to sugars, in solution of high 
concentration; and to lignin. ‘The motor fuels testing laboratory is 
investigating the value of fuels produced from the sugars, from furfural, 
or from lignin. Investigations on crystallizing xylose or glucose fron 
the sugars, the development of chemical derivatives from the sugars or 
from furfural, as well as uses for lignin, other than for fuel, are being 
undertaken by this Laboratory. Progress to date has been orto 
satisfactory. ie 


Butyl Aiconol Fernentation of Xylose Liquors 
ESE 2 TRUE Se SR ere SES Se Beers EST. A aes ists ipeteaed eStse. Comet er eet ee 


It has becn found possible to ferment xylose saccharification liquors 
obtained through the IGE G anS of corncobs to butyl alcohol, acetone, 
and ethyl alcohol. Of a varicty. of treatments studicd it Was found that 
charcoal treatment matcr ially improved the saccharification liquors for 
fermentation, If, in addition, reduced iron was added in small amount 
good fermentation of the liquors was guarantced, .Reduced iron: serves 
both to‘reduce the oxygen tension of the medium and’ also to ‘renoveiexeess 
copper which is introduced through corrosion or the bronze equipment used 
in ma king the hydrolysa tes, 


Fermentation of the hydrolysates could be obtained in many cases 
without pretreatment with carbon, provided reduced iron. was used. Some 
other commercial preparations of finely divided iron have also been found 
effective in making the liquors Phere eerie 


Motor Testing of synthetic Liquid Fucls 
Since at rom the standpoint of motor: testing, the liquid fucls derived” 
from agricultural residues usually are the same as those derived by fer- 
mentation of cereal crops comprising such substances as alcohol, furfural, 
butyl aicchol and acetone, all studies on this subject will be given 
under the report on "Corn, Wheat, ,and Other Cereal Crops Utilization 
Investigations" with. the samc ele of "Alcohol and Other Liquid Fuels,! 
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Publication of a bibliography on "Construction, Design, Economics, 
Performance, and Theory of Portable: and Smatt” ead ord Gas Producers". 
has aroused more than the expected interest... The Wellman Enginecring 
Company, Cleveland, Ohio, has built a large gas generator, designed for 
use of agricultural residues as fucl. . It is wnderstood that -altnough 
this unit is to be sold to South American interests, the ene is look- 
ing for a market in this country also, 


PLASTICS, ELASTOMERS , AND RESIN 
Noreplast-R (R = Residues ) | 


Some industrial ater sat, has developed in the-tse of Noreplast con- 
taining 25 percent phenolic resins, 50 percent corncob or rice-hull : flour, 
and 22 percent mineral filler. Work in a-large molding plant has led to 
better formulation of this molding POWERED as The use of fillers made by 
grinding nut shells is being .e:3 xplored .t to. round out and complete the in- 
formation on residue fillers for lastics...,: e 


Homepies bel, (I, - = Tagnin)., 


Liuch work’ has been directed to the -use of saccharification lignin 
in plastic materials but without much success so far. : Efforts to improve 
‘the properties of vasphalt by compounding with. dignin has led to no 


. yaluable’‘restilts, White it has been possible to formulate phenolic plas- 


tics using lignin’ and cresols, the results obtained were erratic. At 
times molded objects were obtained with excellent strength ‘properties, 
but results could not be consistently duplicated, Work directed to the 
use of furfural, furfuryl alcohol, and vinsol resin combinations, with 
lignin as a filler, are under way. Preliminary results are not 
outstanding. 


| SYNTHETIC ORGANIC CHEMICALS AND INTERLIEDIATES 
Hydrogenation and Dehydrogenation Products from Furfural 


A number of samples of L2- ts es and 1,5-pentanediols have been 
prepared and’ distributed to industrial, companies for use evaluation, 
One large ribber company reports that preliminary investigations of the 
use of 1 » ~pentanediol shows it is quite sets Seay for the prepara- 
tion of asters of various molecular weights up to the > Superpolymer range. 
Several of these esters form fibers which can readily ne dra wm to an 
clongation of 400 percent. This company has undertaken a4 theoretical 
investigation of the propertics of these esters. §-V i ee eT: is an 
intermediate useful for producing a variety of, chemicals, “A yield of: 
70 percent of theory has been obtained from the dehydrogenation of 
1,5--pentanediol, Attempts to produce the amino acid, prolinc, for which 
no particularly ‘good synthésis- exists, by starting with furoic acid or 
methylfuran have so far been ‘unsuccessful, The possibility of producing 
the, amino acid,.: lysine, starting with \“valerolactone is also under way. 
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Derivatives Arising from Opening of Furan or Pyran Rings 
a a a Sa RT tr aT EERE SORTED em Chia ha Sormecummamer nneeae 


The synthesis of 4,4'-dichlorobutyl ether has been improved by react- 


ing tetrahydrofuran with POC13 and H2S50, to give yields of 65 percent of 
theory. Attention has been dirccted to the preparation of derivatives 
which might prove of industrial interest. For example, the ether is con— 
verted to oxydivalcronitrile and hydrolysed to oxydivaleric acid with 


good yields in both steps. Esters prepared from this acid are high-boiling 


compounds of possible interest as plasticizers, The dichlorobutyl ctheor 
has been converted to the dimethoxy and diethoxy dibutyl ethers which are 
also high-boiling liquids having good solvent propertics and which mary 
find use as plasticizers. Upon hydrolysis the diacetoxybutyl ether is 
converted to 4,4!-dihydroxybutyl cther which is analogous in structure to 
diethylene glycol, By reducing oxydivalecronitrile the 5, 5'-—diaminodiamyl 
ether is.obtained in 85-percent yield. This may be of interest for the 


roduction of linear polymers of the nylon tyne. By carrying on analogous 
Pp t OD ng 6 ; 


halogenation of tetrahydropyran it has been possible to produce the 
5,29'-dichloroamyl ether in about 20-percent yield, 


In connection with this development work it is noted thet EB, I.-! 
du Pont de Nemours and Company has announced plans to construct 2 plant 
for the production of tetrahydrofuran. The plant will start operations 
early in 1947. Projected price is 40 cents per pound. The Quaker Oats 
Company has purchased: The Q-0 Chemical Company, manufacturers of furfural 
for the Government, at Memphis, Tennessee. Estinated presént production 
capacity fer furfural is 20,000 tons per year: Corncobs are used chifely 
as raw material at an annual rate of about 150,000 tons. 


CHEMICALS DERIVED FROM FERMENTATION 
Pentonic Acids 


The oxidation of xylosc, as well as arabinosc, to the corresponding 
pentonic acids by application of species of Pseudomonas has been studied. 
It was found that a number of these species were capable of oxidizing - 
the pentoses with best yields from the corresvonding pentoses of about 
<5 percent of d-arabonic acid, 50 percent of learabonic acid, 72 percent 
of d=xyionic acid, and 77 percent of d-ribonic acid, 


CELLULOSE PULPS FOR PAPER AND BOARD MANUFACTURE 
9-Point Corrugating Strawboard 


It was hoped that the improved process for producing strawboard 
could be tried outon 4 mill scale, but the company desirous of making 
this trial has been unable so far to obtain the necessary refining / 
engine, The test is stiil planned, however. Neutral sodium sulfite has 
become available in large tonnage, The Northern Laboratory has been 
working with the supplier of this ‘chemical and with several board | 
companies to determine if this chemical can replace Hime and ‘caustic as- 
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a cooking agent, — The results at present are very promising. Excellent . 


__-progress has also beon made on the development of a moisture meter to 
determine the moisture content of baled straw, a subject of great interest 
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ees 


to the strawboard industry. ‘f 
Fine Paper Pulps from Straw. (aay vam ee oe 
“Mth the increasing cost and shortage of pulp wood and with. the great Hes 
expansion in the paper industry, some improvement in the cconomies of at a 
straw pulping should open the door for use of straw in the manutacture of © me 
fine or specialty papers. A detailed cxperimental examination of the more ae 

- dmportant pulping methods has led to intensive investigation of the neutral Na 
sodium sulfite method to pulp straw. Yidlds of bi ached sereened pulp of ee 
50 percent of the dry straw are being obtained, Sometime ago when Dutch (7a 
- paper-mill engineers visited the Northern Laboratory, it was suggested = 
cle 


they try out this method, Advice fron then now indicates that one mill, 
following 3 months of study, is producing 100 tons of excellent: pulp per 
week by this procedure, An American mill is anxious to try this process 
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for the production of liner for a specialty poard, Work has almost been 
completed with paper engineers from China and fron the Philippines on the — a> 
pulping of rice strav. Taking into account the chenicals available in - oa 
the Orient, the kraft cooking process appears nost applicable. Nae ie 


ss  BUTEDING AND CONSTRUCTION LATERIALS 


Insulation and Hardboard Fundamental Fiber Studies: 

Parte. The fundancntal studics on fiber relationships in insulation and 
panel board manufacture are procecding in a most satisfactory manner. 
Fron this study 2 series of practical results have been obtained, so 
that the Northern Laboratory is nov prepared to give information on the 
use of straw for the large-scale manufacture ofa) scrices.of building” \ , ng 
‘poard preducts to companies or individuals capable of commercializing | 
this infornation. One company has been furnished namafacturing details ~ 
for the production of lov density products suitable for asphalt satura- : 
tion and usc as expansion joints, traffic board, etc. Two groups in - 
Kensas and one in Nebraska have expressed the desire to enter building 
material menufacture, and this Laboratory is working closely with these 
people, If these plans carry through, use for about 200,000 tons of 
straw per year will follow. 
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tas The wire-bound box industry uses about 1-1/2 billion square feot 
of low-grade veneer per year, This is wade, for the most part, in 
small mills in the South, The forosts there are being depleted and the 


- results, which, while not satisfactory, are still of considerable 
promise. Dnprovoments of the panel board to overcome its deficiencies 
near possible, Jf the veneer use were converted to straw panel 
about 1 million tons of straw would find a now outlet market. 


E. | CORN, WHEAT, AND OTHER CEREAL CROPS UTILIZATION INVESTIGATIONS 
De 


a COMPOSITION AS APFECTED BY VARIETY, BREEDING, ENVIRONMENT, AND MATURITY — 


; Studies on Development of Starch Granules 
a aan ee eee : xa 4 ry 
Studies were continued on starch from dent, glutinous, and sweet — 
Eh varieties of corn at different stages of maturity. The bound water of © 
" Starch granules at 12 to 13 days after pollination was 0.8 to 1.0 gran 
: a per grom of starch. The amount of bound water decreased with increase 
4 in maturity. Differences anong starches from the three varieties were 
f not Significant. The so-called doxtrin globules of sweet corn showed 
some of the propertics of coacervates as defined by Bungenberg de Jong. 
This is of interest in our theory previously advanced that starch granules om 
may be formed in the plant by coacervation of the polynerized carbohydrate, 


Oil Content of Corn’as Influenced by Heredity ; 
Previous work has shown that the oil content of hybrid corn, grown 

on the majority of Corn Belt farms, is influenced largely by the pure 
inbred-lines used to ptoduce the hybrid sced, Attontion has been concen- 
trated on oil content because the price per pound of oil is higher than 
Vane any other major constituent of corn and because corn oil represents a 
major source of income for the wet- and dry-corn millers and sone repre— 
sentatives of the fermentation industry, any additional analyses have 
been completed on single crosses of various inbred lines in order to find 
those inbred lines best suited for nigh-oil hybrids, Sufficient data have 
been obtained to make it probable that analysis of the paront inbred line 
will be sufficient to assess its performance in the final double-—cross 
hybrid, Thee egy 


COMPOSITION AS AFFECTED BY RAW MATERIAL PROCESSING AND STORAGE 


Qil in Components of the Corn Kernel 
vist in Components of the Corn Kernel 


a Eleven samples of corn of widely varying types have been carefully | 
hand dissected and the components (endosperm, germ, and bran) analyzed. 
That portion of the oil in corn which nay be recovered comiercially is 
in the germ, and the results of these analyses Show that the oil in the 
germ is proportional to the total oil in corn of both high and low oil 
content. . Y; 


ALCOHOL AND OTHER LIQUID FUEIS 


/ 


Motor Tests 


To evaluate new notor fuels properly, studies must be made on many 
physical properties such as density and vapor pressure, not only for the ~ 
mixed fuel but also for the pure components. Other factors such as gun 
Stability and corrosiveness must be measured, After a full program of 


‘ 
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such laboratory studies, the final test of motor fuels is given by road 
tests. Many blends of alcohol with gasoline have :been studied by use of 
the single-cylinder test engine and, for e full-scale dynamometer test, 
by use of a 1941 Plymouth engine. Fuels studied included two standard 
gasolines with anounts of alcohol from 10 to 50 percent pure alcohol, 
and blends containing benzene. Many factors such as specific fuel con- 
sumption, efficiency, brake horsepower, etc. were evaluated for all of 
these fucls. ; 


As a bricf and incomplete swmary of this work it may be stated that 
best performance for high-alcohol blends requires higher c mpression 
ratios than 7.33; with standard carburetor jets 25 percent alcohol gives 
highest efficiency but pure alcohol the most powers; engine roughness 
occurs only for blends with over 50 percent alcohol and may be reduced 
by manifolo heating (with some power loss); for pure alcohol, fuel injec— 
tion scems preferable. 


Tn continuation of previous studies of ethanol-hydrocarbon syste.s, 
the density of ethanol'and the thermal ex ansion and vapor pressure of 
the ethanol-isooctane system have been measured with’! great precision. 
Preliminary. studies on the kinetics of cdmbustion have been made and 
analytical methods surveyed for use. on this problen.- 


York has been essmtially completed on a very complete summary of 
published work on alcohol as a motor fuel. This will appear as a Depart- 
ment of Agriculture publication. 


Fungal Enzymes 


1 


Tt has been demonstrated that a number of species of Aspergillus 
are capable of producing high 1 
by deep-vat procedures. These ic 
of h alcohol yiclds.. It was noted that 
good alcohol yields depended not only upon a-anylase production, but also 
upon the maltase activity of the filtrates. . Species of Aspergillus (for 


fermentations when filtrates of their cultures were usec as saccharifying 
agents. Fungal amylase systems containing good maltase activity rapidly ~ 
converted starch, dextrins, and maltose to glucose, whereas malt degraded 
starch to dextrins and maltose and then only slowly to GIUCOSC. 


Crude filtrates of a mmber of mold cultures have béen investigated 
for ability to hydrolyze various polysaccharides. In general Lt Was 
found that all mold filtrates studied were capable of hydrolyzing maltose, 
inulin, sucrose, and the oe limit dextrineobtained from potato amylopectin. 
Wone of the mold filtrates studied were capable of hydrolyzing lactose, 
dnothyl-d-glucoside, levoglucosan, caleium lactobionate, and calcium 
maltobionate. 


Whey 


Get!) were effective catalysts, 


_.,duced was used to saccharify 1,200-gallon batches of grain mashes a 


, Saccharifying agent. 


 -—Fibers from Zein ; 


of good fibers, 


US ss ae Strong commercial interest in the fiber, 


modeled their oxperinental equipment and procedure after that deve 
at this Laboratory. . i iWag ah 


Plywood Adhesives 
4 ea iid bchad ede baad 
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- soybean meal and corn gluten led to similar Studies on resorcinol 

glue, \ 
cures at normal room temperature. -This is very important in the fabr 

“tion of laminated beams, airplanes, 

- which cannot be 
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_Five of the most promising strains of Aspergillus rst 
the laboratory have been tested in the pilot plant for use in 
tion of alcohol. Experiments have been conducted in which the f 

_ grown by submerged fermentation on thin slop fortified with 1 per 


ground corn and 0.5 percent calcium carbonate. The enzymatic ligu 


converted mashes were fermented with yeast in the usual way, The amow 
of liquor used was such that it constituted 10 percent of the mash t 


was Lermented, 


Tvo strains, namely, Aspergillus niger NRRL 330 and NRRL 337 v 
used in series of experiments in which each fungus was grown in thin 
Stillage obtained from the fermentations where it had been used as thi 
These particular fungi have been utilized: throug 
five cycles with no diminution in the yields of alcohol. On the avera 

the yields of alcohol amounted to 5,1 proof gallons per bushel of gr 1 
- fermented, / Aas Ayes: 


FIBERS, FIIMS, PROTECTIVE COATINGS, AND ADHESIVES — 


(a Ye ; i) ig naa pale 
Construction of equipment for the continuous wet spinning of zei 
fibers has been completed, It has been demonstrated that a mild form 
hyde treatment after the coagulating bath is necessary for the prepare 
Acetylation of the fiber prior to the final formaldeh; 
cure has been studied extensively. It was found that proper acetylat 
increased the resistance of the fiber to boiling water, decreased the 
uptake, moderated the effect of the final formaldehyde cure, and assis 
in removal of pigments. ‘The acetylation was carried out in acetic. an 
dride under a wide variety of conditions. Sodium acetate and sulfur 
Acetyl content in excess of 5 percent was 
a short time in continuous processing equipment. 


Two commercial firms 


ea 


easily obtained in 
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The success attained in extending phenolic resin plywood glue | 


Resorcinol and formaldchyde make a weatherproof resin glue 7 


boat keels, and odd-shaped pieces — 
handled satisfactorily between the flat platens of 
press. Preliminary experiments showed that corn gluten was more 
as an extender for the resorcinol resin than soybean meal. No fu 


tests have been made, therefore, with the soy meal, RS ae 


‘ 
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4 Eaasrieco fibers have ‘boon orepared by deacctylation of any lose tri~ 
“acetate fibers in alkaline anhydrous ethyl alcohol. 
strous and pliable. — 


a acotate fibers.” 


; The Fibers, are 
Microscopically they are indistinguishable from 


Their tensile strength is from 0.2 to 0.3 grams” a 
The Strength of’ Se HRA tria oun fibers hehe a suitable 


Koes eee isclaahs expe rinents wild Sraind earitl batter in 
larger-sea ale Soa es before their practicability. can be determined. 


Xeray pictures have ee nade of amylose. Ha dy propionate, and 
butyrate films ond fibers and of amylose films and fibers after de- 
_ acetylating. Since the X-ray fiber picturcs offer the most convenient lig? 
thod oi measuring orientation, a very extensive serics of such pictures 
vhave ‘been nede aftcr various physical treatments of the filns-and fl pers. 
miler. pictures have been’ made of relaxed fibers, and measurements of 
density were also nade of both stretched and relaxed fibers. These data 
are useful. in combination with physical tests, such as for tensile 
-strer to obtain the best and most useful propertics. 


SYNTHETIC OR tGANTC CHEMICALS AND INTERMEDIATES © | 


Hi tose doivacane of the Nadicatee: Cie ele 3 5 a ditae thylenéeDestueene 
ae has been obtained. A new compound, nothyl 2 9435, 0-dine thylene=-D= 
juconate has been obtained in 22—percent yicld by heating the methyl 


py tes 3,5={ compound in vacuo. The 2 94-10 thy Lene derivative was also, isolated 
al identi fied, The aouayl.ether oster of dimethylene ; 


sluconic acid after ne 
| See ipeael ae, ace coueege: produced a, product that merits further in 


Methods have been developed for the controlled synthesis of mixed 
-esters of amylose, | Working quantitics of a ie 


‘becn prepared anc their so Lub li ty and molding ¢ aractoristics determined, a 
Replacement of wut 0,4 of one acetyl by a inet or butyryl radical is a 
sufficiont to solubilize amylose acetate in acetone. This property allows 


acetone to be used as a solvent instead of chloroform in the preparation Pes 
of solutions used. in fiber making 3 cA 


of. mixed: csters have 


Interesting nei conpounds have been obtained a reacting starch, 
anylose, and Siebel tach ane, phenyl isocyanate in pyridine solution at 
O°... for, 6 to S hours. Non-pretreated starch granules reacted com= 
etely. Pretreatmcnt of the granules was requirod when fatty acid anhy-_ 


Beas ere used in making starch osters.. In contrast to alt starch 


esters previous] ly Serepaeen, ine. Mca Wanh ates are ewer 
pyridine. The carbanilates have unusual solubilities, optical ro’ 
' and stabilities which indicate sims in both theoretical and Ah 
eo applications. 
he 


‘Gystarch | 


=s 


Mpa ricdats oxys tarch ae Bean, pukanaad: with bromine’ and then i 
_ with acid to give D-6rythronic acid in’ '85-percent yield. This is:‘al 
three times the yield obtained ,by the bromine oxidation of hydrolyzed 
oxystarch. ‘This’ improvement is important in» the development, of an ect 
cal process for producing D-erythronic acid. hak ee: A oe ee a 


a 


NEW AND IMPROVED FOOD AND FEED PRODUCTS 
Cs Bc eebetee) Ttanin Byatheee: 


Experiments on the development of aeemntient media for Det ‘produc! 

Hot poe earin by Ashbya gossypii have béen continued. Certain by produc ya 

of the meat packing industry, notably, tankage and beef stick liquor, . have 

been capable of substitution for peptone. Using these ingredients, yi ds 
of 400 to 500 micrograms of riboflavin per ml. are regularly obtained af. 

ter a 5-day fermentation period, a whe 


Beech Content of Capea Grains 
C 77ST aA REE ENT ARN To 5 a ee cane ete a 


Studies of the vitamin content of a large selection ‘of grain sorghu 
indicated that nicotinic acid levels may be markedly influenced by the * 
variety employed in producing the hybrid. To examine this pose 
further, a series of 339 samples of heads from different plants of the | | 
SiR ame cross, obtained through the cooperation of the Fort Haj 
- branch ‘of the Kansas Agricultural Experiment Station, was analyzed for 
nicotinic ‘acid, Westland contained about 42 micrograns of nicotinic 
per -gram’and Cody about 71 micrograns per gram. Of the series Howse Sémp 
of the progeny that were analyzed only 3 vercent contained the vitamin Me 
a concentration equal to or lower than that found in the Westland parent, 
ae whereas 33 percent contained the vitamin in concentrations equal to or ; 
greater than those found in the Cody parent. Three sia wan contained i 
fae than 100 micrograms of nicotinic acid per gran. cabs 


Survey studies have been e ctended to. oats, rye, barley, and wheats 
No evidence has been obtained to demonstrate that marked differences i 
a ee onkent are related to variety. 


EXTRACTION, RECOVERY, AND PROPERTIES ‘OF SPECIFIC pe 
: CARBOHYDRATES, OILS, AND. PROTEINS open 


, Wet Milling of Damaged Cony sie . 


: The prevalence of quantities of soft corn in recent crop years 
* made it necessary to examine the. milling characteristics of moldy a 
damaged corn. . Increasing the SO.’ Gontent of the steep liquor or: 
Pey «be steeping time resulted in better operation and: yields. Bad 

or heated corn produced but one-half as much starch as sound cc 


‘ 


| Milling of Artificially Dried Corn 


Samples. of artificially dried corn have been processed for starch on ey 
a laboratory scale. The results cannot be accepted as conclusive owing tore 
difficulties encountered in the control of variables curing drying. ~In= [a 

ications are that excessive exposure to heat causes changes in the protein, 
making the separation of starch difficult. Tentatively corn destined for 
use by wet-process millers should not be dried to a moisture content lower 
than 11 percent and the relative humidity during drying should not drop ‘es 
below 10 percent. i i , Be 


Effect of Various Steeping Agents on Corn Wet Milling Operations 


_ Most corn wet-process millers are anxious to process more corn at 
resent, but plant capacity is usually limited by the number of steeping o 
anks installed, If the steeping period, which is usually 36°'to: 40 hours, Siam 

could be shortened, the capacities of plants so handicapped could be in- 
creased substantially. Experiments have been conducted for testing possi- 
bile steeping and wetting agents which might be used to speed up the ss 
_ steeping operation, Of several substances tested, none has been found 
which is as efficient as sulfur dioxide. . 


Production of High Quality Glucose Sirup from wheat Flour 


: During.the past 3 years many industrial concerns have displayed con- — 
‘siderable interest in the Batter Process which was developed at this © 
Laboratory. Several companies have adopted it on a commercial scale . 
primarily for producing a sirup and dextrose from the starch slurry. The 
sirup produced by hydrolyzing the starch milk directly is brown in color 
and possesses what, for certain purposes, is an objectionable taste. The ~ 
objectionable taste and color are caused by a relatively large anount, Of - sams 
protein in the starch milk, ) : 4 


& Experiments for removing the bulk of the protein from the starch . 
prior to its conversion to <lucose have been conducted in order to obtain 
‘aes finished product which more nearly approaches corn glucose sirup. the. Sm 
 - method under investigation consists in allowing the starch milk to ‘settle 
’ for approximately 16 hours at room temperature after which the supernatant ese 
liquor is decanted <nd fresh, softened water is added to bring the slurry: 8 

back to its original voluae. The resulting liquor can pe filtered through 
a plate~and-frame filter press with rates as high as 2,4 gallons per sq. oar, 
ft. per hour. The filter cake is blowm with air While it is still in thelae 
press and this frees the starch of most of the dissolved protein. The Bete, 
starch is removed from the filter press and processed in practically the — 
same manner as that used in the conversion of corn starch to glucose ae 
sirup. The conversion can be carried out either under pressure or in open 
convertors, Similar to those now being used in the zlants utilizing. the Se 
Batter Process, The finished simp is clear and alnost water-white; it isi a 
ite sweet and possesses very little salty or after-taste; it is com=~ 
arable to the highest grade of corn sirup on the market, 


auth heincd was yan RIN for the UMA Bie, ewan that lett the tape 
. Gimensional network of protein material intact, This netivork in. “Soadles 

endosperm is much weaker than the corresponding network: in el aie i 
will be continued to include wheat and other cereals, 


Bes Comparative Studies on Starches from Widely Different Sources 


be of ASG Tes “and practical variien “Aside fron ris a of of elale= 
seeded garden-type peas which contains 60 to 70 percent amylose, the 

starches highest in amylose are those of field peas, vetch, and several 
varicties of beans which contain from 32 to 35 percent amylose. No 
correlation has been found between ny Ue content and the site of star 
deposition within the plant. AG 


‘Pasting linabeda ahaa Oe aed of Starches 


| Light-transmi ttancy Cia yt have been obtained duri ng the ‘agua 0: 
0.1 percent suspensions of starch from dent corn, waxy dent corn, potato, ~ 
ta iris, canna, acorn, horsechestnut, sorghum, rice, buckiheat, mung bean; 3/ ial 
and field pea. No core tat on Was found between the for: of the curve 
and the sourte of the starch. Below the gelatinization temperature the — 
_ translucency of the suspension.is closely related to the average granule 

_.size. There is evidence that determinations of light tra onsmittane of 
starch pastes should be made on the basis of equal muimbers of granules — 
instead of equal weight concentrations in comparing Gifferent starches, 


ues Properties of Specific Carbohydrates 


Measurements of water sorption have been. made on starches from ‘va’ 

ous sources as well as on’amylose and amylopectin. The work of other 
has showm that the energy of water sorption is nearly the same for i 
adsorption or desorption and amounts to about 12.1 Keal/mole for als 
~ starches, The capacity of starches: to absorb water has shown a: correla. 
tion With the intensity of the rings found in X-ray patterns in work a’ 
this Laboratory. Two types of patterns A and B are observed in mary 
starches and the relative intensities of these patterns is related ‘to 

; the water sorptive power of the starch, The densities of some of the 
-.., »Starches at various degrees of hydration have been measured and the - 
Ay changes’ in density together with changes in linear dimension enable 
tp calculations of pore spaces in the starch granules to be made. 


STRUCTURE AND OTHER BASTC INVESTIGATIONS 


on, of dylose b aeAmylase 


Vane Neda yet of Stney by the a-amylase of barley malt is of impor- Pass 
sc iin formontation industries as well as in studies of starch structure. — 
action of a-anylase on potato amylose (used because it retrogrades 
lowly) produced, predominantly, low molecular weight polysaccharides end-use 
xtrins, Fractionation of the hydrolysate by aleohol. precipitation re- aN 
Lted in ama jor fraction which appears to be a dextrin of about six 
cose units. | Methods are being sought for the dao atdin of a dextrin 
of definite molecular weight in pure form. 


~a-Glusosido-Gincose 


The presonce of a-l, panvares in starch is believed’ to be involved 
: aide incomplete hydrolysis of starch by acids and enzymes. To obtain — 
» information on the behavior of a-l, 6-linkaces, studies were carried out . 
oh the bacterial polysa accharide dextran formed by Leuconostoc posure 
have been able to erow this organism to give dextran With a relative sam 
scosity of 2.00 to 2.23 in 24- to 27—percent yield, Acid hydrolysis of 
he dextran was 95 vercent complete in,72 hours, whercas under the same 
nditions hydrolysis of waxy cornstarch was 97 percent complete in 25 
urs, The critical increment between g0° and 90° C, with 1 N sulfuric 
id was 3,800 cal. per mole groatet for dextran than for the waxy corn-_ 
gor and the temperature coefficient was 4. Oiand 3.5, rosvectively. 
us, the a-1,6-bond is hydrolyzed more slowly than the a-l, 4-bond, FA SO% 
Peererenes in rates of hydrolysis of these tivo polysaccharides Ls. 


eater at the lower teny eratures. 


CHEM EM ICALS DERIVED FROM FERMENTATION 


ie Survey studies on the microorganisms contained in. the. Culture Collet= 
tion, as well as on new isolates, are being conducted with the object of | ie 
. developing new antibiotics, As a result of the surveys so far completed, 
about 60 antagonists have becn found which show various antibiotic spectra. . 
inst the SF ganna test orgenisms: Brucella abortus, Brucella pairs 
‘ pe coli, Staphylocoscus aureus, os ae 
nee Ts is planned to carry the more promising antibiotics through — 
1c necessary Hevaleonbed stag es to obtain therapeutically useful © 
preparations. This develorment wil pe carricd forvard in cooperation - 
th Her peut ones Institute of Health. . 


This user is ana by the 
ae Pseudomonas: fluorescens by allowing the process ee to. 
which the ketogluconic acid is dissipated. Yields of i ae 
acie as high as 25 Pare Re have beer obtained, ‘Say 


pa oo paisuanias, 


. onli ture Collection 


Sulting study a briefer and more useful taxonomy is beins developed. ‘the, 


Oilseed Composition a Fe : 


prover varieties, time of planting, “and rate of seeding, if UneS cl leeaas 


agreement among laboratorics has been poor; no Specie ea oa io) 


Production of Citric Acid in Submerged Culture. 


The production of ahinic acid by submerged ae methods, ine 
than by the surface methods now employed industrially, would represen: 
distinct technical advance, tonsive study of this Pi onanteien has re- 
sulted in citric acid yields by the submerged process that Gennes qui 
favora -bly with those obtained by surface Hatha dee 


Bionic Acids. 


It has been found that a strain of Pseudomonas grave earned aes 
will oxidize the disaccharides, maltose and lactose, to the co: correspond 
bionic acids, The yields obtained are 80.2 grams ée maltobionic acid from 
100 grams of maltose and 77 grams of lactobionic acid from 100 grams of 
lactose, These results are of Special interest in that they demonstrat 
for the first time the direct metabolism of disaccharides by bacteria x 
without prior hydrolysis, The fermentation process has the advantage of 


Simplicity over chemical processes which may be applicd for the produc t.o2 


In addition to many other activities, the Culture Collection Section 
is conducting taxonomic studies on the genus Penicillium which are jointivas 
Sponsored and supported by the Department of Agriculture and the Netional. 
Scionce Fund. Comparative examination of cultures belonging to almost a Es 
all of the major groups within the genus have been made, and from the re- 


results of this work-will be published in a book, "A Manual of the 
Penieillia," which is in the course of prepar elec : 


SOYBEANS AND OTHER OILSEED CROPS UTILIZATION INVES TIGATIONS 


COMPOSITION AS AFFECTED BY VARIETY, BREE DING, ENVIROMENT, AND MATURITY 


In cooperation with the Illinois Agricultural Experiment Station, 
nalyses on an extensive series of sunflower and safflower samples have. 
Bon made for tivo successive years, These analyses ar ‘e needed. to find the 


are to be grovm successfully for shes trial use. ; ted 
OL1 ae oe 

Uses for pak cd oil depend on the kinds and Sani of ei acic 
present as triglycerides. While there are published methods of analysis 
for these acids, these methods are excessively difficult, time-consuming. 


and of doubtful accuracy. The methods have been siidiad: a great dee 


causes of error nor of the extent of overall accuracy 
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Recently alkali conjugation of the oils, followed by spectrophotome tric 
determination of the conjugated arachidonic, linolenic, and linoleic 

acids has been proposed. Our studies have shown that this method does not 
give results in agreement with older methods, that the older methods are 
not in agreement with cach other, and that for both methods the directions 
do not give information sufficient to control all the important variables. 


Extensive studics on both oils and purified methyl esters of fatty acids 
have been made. In the alkali conjugation the effects of time, temperature , 


concentration of alkali, and other factors have been evaluated. In the 


thiocyanogen determination the effect of several factors, such as moisture 


and certain impuritics, has been shown to be unimportant within certain 


dimits. 


COMPOSITION AS AFFECTED BY RAW MATERIAL PROCESSING AND STORAGE 
Changes Any Oe Content of Soybeans 


For two successive seasons, freshly harvested soybeans have been 


stored under commercial conditions and the oil content, as determined by 
analysis, measured over a period of several months, In neither scason has 


1 


the oil content changed on storage. This should answer tme common rumor 


WES 


among processors that there 4g a decroase in oil content on storage. 


FISERS, FIIMS, PROTECTIVE COATINGS, AND ADHESTVES 
Catalytic Isomerization of Hon-Conjugated Fat Acids and Their Derivatives 


“As a part of the program to find replacements for timg and oiticica 


oils, the study of ssomorization catelysts has been continued. In addi- 
t4on to the nickel-carbon catalyst which has been reported previously, 
new catalysts have been found which cause mothyl linoleate, methyl esters 
of soybean fat acids, soybean oil, linseed oil, and similar materials to 
develop substantial amounts of conjugation. Unlike the products obtained 


i 


by alkali conjugation or conjugation with the nickel-carbon catalyst, the 
J¥S So J s 


now oils contain significant amounts of tricne anc. tetracne conjugation. 
A typical specimen of soybean oil isomerized with the new catalysts con- 


. 


tained 12.5 percent diene conjugation, 6.3 percent tricne conjugation, 
and 1,1. percent tetraecne conjugation; total, 19.9 percent conjugation. 


By heating the catalytically treated oLls to 150°-250° C. in vacuo, 


4 


increased amounts of tricne and tctraene conjugation can’ be obtained. 


A typical oil contained 10.7 percent diene conjugation, 16,1 percent 
jene conjugation, and 5.3 percent tetraene Gonjuzeticn; total, 22.1 


-erce:t conjugation. 


Because wne and oiticica oils ove their desirable properties to the 


high percentage of fat acid components containing triene conjugation, 
the properties of the thermally treated oils should rescnble those of 
tung and oiticica oils to a greater degree than do those of previously 
available synthetic conjugated oils. Preliminary evaluation has shown 
that the thermally treated oils without addition of metallic driers, ary 
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Oe 
in 1 hour or less to frosted or wrinkled films which do not develop aft 
tack, The color of the films is water-white, despite the rather dark be 
color of the originel oil. Attempts to formulate varnishes have been hin- 
dered by a tendency of the oils to crack at 300° C. with liberation of 
undesirable decomposition products; however, it should be possible to | 
process these highly reactive oils at lower temperatures. In paints, rap 
drying and the bleaching effect are retained in the presence of titanium 
dioxide, Other pigments have not been examined. 

Preliminary cost estimates were made for the production of con jugeted 
Soybean oil by the catalytic (nickel-carbon) isomerization process. “Thee 
design calculations were based on a plant producing approximately 60,000 ~ 
pounds of the finished product per day. “Iwo methods of operation were 
selected, one in which the spent catalyst is discarded and the other in Mi. 
Which the nickel of the catalyst is recovered, For the former method the 


processing cost would be 0.78 cent per pound of product and for the latter = 
this figure would be reduced to 0,55 cents. The cost of the. raw material, 
administration, and selling were not included, The capital investment fora 
the plant would be approximately (365,000 in each case, oe 


Improved Soybean Oil Paint Coatings by the Addition of Lame 
PP AE RS Tm es cae a a AE ID EE NEE ig BE TREE ERED S 


The addition of lime (calcium oxide), in amounts of 5 to 10 percent 
by weight, to tho pignent contents of outside white paints has improved Bs: 
‘the coatings of paints containing all or large amounts of soybean oil in 
the following respects: 


1. The coatings are free from both residual and after-tack. The 
former is the sticky fecol still present on the coating after being air 
dried for several days, while the latter is the softening and consequent 
Stickiness of the coating usually caused by exposure to the heat of the 
sun. Both of these conditions are typical of the coatings from paints 
containing large percentages of soybean oil, and lead to excessive dirt 
pickup and retention that cause the coatings to become unsightly and Bray eae 
With 5 percent of lime in the pigment, even 100 percent soybean oil paint 
coatings do not collect or retain dirt, The coatings have remained clean 
and white when exposed to outdoor weathering for more than a year at an 
angle of 45° facing south, 


<. The coatings do not turn yellow when screened from the bleaching "am 
effects of the sun as do linseod and wmtreated Soybean oil paints contain- — 
ing no lime, 


3. The durability of coatings from similar paints containing lime 
has been improved over those without lime in all of our experimental 
weathering tests, especially when a conjugated soybean oil, treated bya 
the nickel-carbom method, was used as the sole drying oil. Film erosi 
that results from chalking has been considerably decreased; also, checki 
and cracking have been retarded for longer periods because of the added | 
lime, : 1 “ij 


Protein, - Isolation and tae in Paper Coatings 
Ate Hast cut" procedure aie abi isolation oe soybean protein has’ been > 
at the site where tne protein is to be 
“The protein isolated. by the newt modification has a puri ty of. 30/t0;} 
Pee ‘and appears to be satisfactory for those adhesives needed in- 
per head shotgun shell casings, and probably other products. 3 


BS on this mace tied ; process the centrifuging 4 is eliminated. Hot precipi 

tion of’ the protein hastens fornation of largo curd particles that can ~ 

‘be readily separated on a wire screen ra ther than by a filter. The usc of 

! wet curd in place of the dry protein eliminates the dricr. Thus the id 
4 of three piccos of expensive equioment (centrifuge, filter, and drier) 
d their operation is eliminated, lanufacturing costs of producing sult— 

ble protein for many adhesive purposes, therefore, 1s substantially Pail . 
ae ‘Protein | pr repared by the "short cut" method for trial runs in 


given highly satisfactory results. 


ry) eh ye 
OE. ‘The use of soybea protein as an adhesive in the nanufac ture of shot 
a gun shell casings has given very goo od results. Shotgun. shell casings are — 
made by rolling a special shect of paper on a mandrel ‘hile spreading a es 


thin ees: of seg over the surface of the napere see cylindrical | 
arc discharged from the machine at the rate of 50 ive) 60 


vines Because ‘of the iecteak tet 1 ay of casein, the monufec wrer tested a ee 
wide variety of synthetic adhesives, none of which was satisfactory. Av 
Beene request of the manufacturer this Laboratory developed a formula based 
on soybean protein, and which was found to be somewhat superior to the 
: formula utilizing casein. In particular, the shell casings. ..were ttougher! me 
or more "leathery" and had better twoter resistence," both characteristics _ 


Lh 


being inprovencnts in the right direction. 


‘\ MEW ‘AND IMPROVED FEED G2 FOOD PR RODuOTS 


‘Flavor Stability Of soybean Ol OLd 


on Progress on the critical Mair stability sroblen of soybean oil was 
oeraked by an investigation of the Germen O11 Processing and Refining 
‘Indus try bole ead by a member of our staff who was. loancd to the i 
Technical Industrial Intelligence Committec fhe investig gation revealed 
certain methods of refining. soybean oil wu coat reportedly improve. flavor; tas 
stability. One method - Snvolves a particularly. thorough degunming ope 
‘tion and the subsequent addition of a snall amount of citric acid during — | 
deodorization. This. process has beon tested on a laboratory scale and 
sre recently on full commercial plant scales "Tt, has been found to have 
siderable merit; that is, the storas -¢ life or flavor stability of ay 


significantly improved. 


permit us to.evaluate the effect of ny variation in any pee ae te 


= 
S24 
pr 


concurrently aan this work, we have developed and applied sys 
procedures to the refining and Sheancleptic testing of soybean oil tha 


upon flavor stability. 
Nitrogen in Oil ear’ aie rete f 
alle Rel len Adbiinc cate 


In studying the mysterious phenomenon of "reversion". in soybean oi 
it has been felt that nitrogen bodies in the oil may be responsible, ‘The ~ 
limits of nitrogen which could be determined in oil have been too high t 
investigate this point satisfactorily. A method for detcrmining nitrogen 
in oil has been devised which, by means of a preliminary acid extraction, 
permits the use of oil samples up to several hundred grams. In highly — 
refined edible soybean oil 0.0002 ‘percent nitrogen was found, 


EXTRACTION, RECOVERY, AND PROPERTIZS OF SPECIFIC 
CARBOHYDRATES, OTIS, AND PROTETIS 


Fractionation of Soybean Oil by Liquid-liquid Extraction 


During previous work it was noted that the addition of naphtha to the 
furfural entering the extraction column increased the stability of the 
fractionation operation in that its presénce decreased flooding. Barlier 
tests had indicated that the degree of separation obtained was affected by 
the amount of naphtha used, Accordingly, a series of pilot-plant oxperi~ 
ments has been carried out with the object of determining the ee anguny 
of naphtha required. 

, le 

The tests indicate that the use of about 50 percent of the theoreti 

cal amount of naphtha gives the best results. With this proportion of 


— solvent the equinment operates more smoothly and a highcr temperature may 


be employed which increases the solubility of the oil-in the selective 
solvent. By hoe 


Further studies have been made on the effect of maintaining the inte 
face in various »arts of the extraction colum, About 47 tests were made 
in which the interface was held near the bottom of the extraction tower. © 
Previously, the equipment had been operated with the interface either ate 
the top or at the midpoint of the apparatus. ‘The results indicate tha a 
in general, the best extraction is produced when a large portion of the 

extraction tower is filled with the raffinate layer; thet is, when the ~ 
Reontace is eithcr at the midpoint or near the bottom ‘ : 


mined ‘to ate cana S- snbdnca aie the 18-foot. eciraeclon ealigeie are 
equal to those obtained in ‘the past with a 54-foot extraction column. 
Furthermore, the fact that a better raffinate oil is produced by lengtl 
ing that section of the Cod: which is devoted to the stripping act; 
demonstrates the flexibility of the process and enhances its possibi 
of commercial adaptation, » a ne : 


AGRICULTURAL CHEMICAL RESEARCH DIVISION 
L. F. Martin, Head 


Work of the Agricultural Chemical Research Division 
is in three principal fields: fruit and vegetable processing, 
primarily on citrus fruits and brined and pickled products}; 
utilization of sugar crops including sugarcane, sugar beets, 
and sorgo; and production of oil and byproducts from tung 
nuts. As part of the sugar investigations, research on ut- 
4lization of a wide variety of agricultural products in candy 
4s carried out in cooperation with the National Confectioners! 
Association. Approximately three-fourths of the work of the 
division is conducted at nine field stations, but adminis- 
trative headquarters and three research sections are housed 
in the Southern Regional Research Laboratory building. 

There is research in progress at New Orleans on some phases 
of all of the projects except those on tung nuts. Field 
stations engaged in work on citrus fruits are located at 
Winter Haven, Florida, and Weslaco, Texas, and on brining 
of cucumber and other vegetable products at Raleigh, North 
Carolina; work on sugarcane and sorgo is conducted at Baton 
Rouge and Houma, Louisiana, and.at Auburn, Alabama, and 
seasonally at Meridian, Mississippi; work on sugar beets is 
carried out during the season in the beet producing areas 
and at other times at New Orleans; and tung nut investiga- 
tions are in progress at Bogalusa, Louisiana, and Gaines- 
ville, Florida. 


» 


SOUTHERN FRUITS AND. FRUIT BYPRODUCTS INVESTIGATIONS 
Citrus Flavor Essence Recovery : 


Because of the large and increasing production of 
citrus fruits throughout Florida and in the Rio Grande Val- 
ley. of Texas all of the work under this project is currently 
devoted to problems in the processing of these fruits, and 
the utilization of byproducts and wastes of processing oODp- 
erations. One problem which has been studied at the Winter 
Haven Laboratory is the applicability to citrus juices of 
the method developed by the HKastern Regional Research Labor~ 
atory for recovering highly concentrated natural flavor es- 
sences. Following preliminary tests employing the Rastern 
Laboratory's pilot plant, modified equipment adapted to 
treatment of citrus juices was installed. In addition to 
the concentrated aqueous essence corresponding to that ob- 
tained from apple and other fruit juices, an oil fraction 
which is insoluble in the aqueous essence is separated from 
citrus. Rapid flash distillation permits separation of the 
oil and essence fractions with retention of their character- 
istic natural flavor and bouquet. By careful control of op- 
erating conditions it has been possible to obtain juice 
stripped of volatile flavor constituents and free of any un- 
desirable flavor. This stripped juice can be concentrated 
separately under high vacuum and the oil and essence concen= 
trate reincorporated to prepare an orange juice concentrate 
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ih, 4 


and the biological oxygen demand is materially reduced. 


obvious constituent of citrus fruits have been isolated and 


cess to grapefruit juice will be investigated during the re- 
mainder of the current season. 


Production of Feed Yeast 


Research on the utilization of citrus byproducts has 
been concentrated upon the problem of growing feed yeast 
(Torula utilis) from the large volume of waste liquor dis- 
charged by citrus pulp feed plants. . The investigation is 
in the stage of practical development on a large pilot 
plant scale. Under a cooperative agreement with a large 
canner in Florida the complete pilot plant has been installed 
adjacent to the feed mill and operated continuously 24 hrs. 
per day for periods of as long as 12 days. Problems remain- 
ing to be solved are primarily of an engineering nature and 
include determination of the optimum amounts of nutrients and 
volume of air required, and costs of operation on a large 
scale, The waste liquor pressed from feed pulp contains from 
4% to 6% of fermentable carbohydrates and a cannery discharg- 
ing 55,000 gallons per day is wasting approximately 15,000 
pounds per day of carbohydrate from which over 5,000 pounds 
of dry yeast can be produced. The feed now manufactured from 
citrus pulp is primarily carbohydrate and contains only 6% 
protein; by addition of the yeast which can be produced from 
accompanying waste liquor, not only can the total feed production 
be increased but its protein, content can be raised to 12%. Of 
equal importance is the fact that disposal of large volumes 
of waste containing fermentable Sugars is a troublesome and _ 
costly problem, and accurate information is being obtained in 
the pilot plant experiments on the amelioration of this dis-— 
posal problem. After treatment in yeast production, the. re- 
Sulting effluent contains less than 0.5% fermentable. sugars, 


Histological and Chemical Studies 
ee’ 


Survey of the literature reveals that only the more 


identified, The nature of many minor constituents is unknown 
or has only.been surmised. There. are numerous classes of 
constituents such as fatty or non-volatile oils and lipids, 
pigments, phosphatides, etc., which are present in very small 
amounts, but which may play a role far out of proportion to 
their concentration in affecting the flavor and keeping qual- 
ity of canned juices and other products, In order that. pro- 

gress may be made in the practical improvement of the canning 
process, it is essential that the nature and chemical behavior 
of these substances be determined and attention has been con- 


centrated during the past year on lipid constituents of var- 


ae 


ious citrus fruits. This work has been in progress at New 
Orleans where both histological and chemical investigations 
have been carried out. Interesting and highly suggestive 
results of a fundamental nature have been obtained. . Per- 
ipheral deposits. localized in vesicles or juice sacs of the 
fruits were shown to consist of suberized’ tissue. By means 
of electrodialysis the plastid deposits of tissue cells have 
been collected in quantity and separated into two fractions, 
the wall structure and internal constituents. From these 
fractions phosphatide and fatty constituents have been sep- 
arated as well as certain plastid pigments. Results obtained 
thus far indicate a significant difference in chemical con- 
stitution between phosphatides isolated from the orange and 
the grapefruit. 


Microbiological Studies 


Microbiological investigations have been directed to- 
ward the collection of cultures in canning plant. surveys by 
the Winter Haven Laboratory, and separation and identifica- 
tion of organisms carried out by the Microbiology Section at 
New Orleans. Possible effects of specific, non-pathogenic, 
organisms in contributing to deterioration of canned juices 
are being studied. Results. of fundamental research, both 
chemical and microbiological, will be applied to practical 
development of improved processing practices and methods. 
Both the Winter Haven and Weslaco Laboratories are equipped 
for pilot scale canning under controlled conditions of ex- 
perimental packs, and for conducting storage tests on the 


“products'. 


SOUTHERN VEGETABLES AND VEGETABLE 
BYPRODUCTS INVESTIGATIONS 


Microbiological and Chemical Studies on Cucumber Pickles 


Research is conducted at the Raleigh, N. C., Station 
in cooperation. with North Carolina State College on the pres- 
ervation of cucumbers and other vegetables by salting, brin- 
ing, and pickling. Attention during the past year has been 
given to commercial brining tests of new cucumber varieties 
suitable for Southern growing conditions.. Bacteriological 
and chemical work has been done on the course of both labor- 
atory and commercial brine. fermentations and progress is.be- 
ing made on the causes of saseous fermentation and the forma- 
tion of "bloaters" or hollow cucumbers. Such cucumbers must 
be culled from the salt stock and cause serious losses to 
the industry. Conditions favoring the development of the 
most desirable bacteria for producing properly brine fer- 
mented stock have been determined. More recently a thorough 
study and identification of yeasts and obligate halophiles 
isolated from brines has been undertaken, as such organisms 
are responsible for vigorous gaseous fermentation. Methods 
will be developed for the control of undesirable organisms. 
Recommendations have been published on pickle plant sanita- 
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tion, and standard systematic methods have been prescribed 
for bacteriological examination of brined, salted, and pickled 
products including new pasteurized pickle and relish types. 


BEET AND CANE SUGARS AND BYPRODUCTS 
CHEMICAL AND TECHNOLOGICAL INVESTIGATIONS 


Aconitic Acid 


The outstanding development of the past year in the 
recovery of valuable byproducts of sugarcane processing has 
been the commercialization of aconitic acid production from 
"Bt or second molasses. For several previous years work had 
been done only during the short grinding season on attempts 
to develop a suitable recovery process. At the close of the 
1945-46 season a large supply of "B" molasses was obtained 
from a sugar mill and intensive laboratory and pilot plant 
research was carried out at the New Orleans Laboratory. The 
basis was established for a process yielding maximum recov- 
eries’ without affecting the subsequent production of sugar. 
Pilot plant runs provided data on optimum conditions, design. 


and capacity of equipment, and operating methods whereby acon-_ 


jtate ‘can be recovered continuously by diverting the molasses 
for little more than an hour and returning it to the mill 


without interruption of further sugar crystallizing operations. 


Based on this research a plant of sufficient capacity 
to treat all of the "B" molasses of the largest mill in Louis- 
iana, grinding 3,000 tons of cane per day, was installed at 
Raceland. It was operated throughout the grinding season and 
assistance was rendered by the staff of the New Orleans Lab- 
oratory in overcoming operating and mechanical difficulties, 
and in establishing suitable analytical and process control 
methods. Despite low mechanical efficiency of a new type of 
continuous centrifugal used. to collect the product, over 
140,000 lbs., or three carloads, of very high grade calcium- 
magnesium aconitate were produced and sold. Work is in pro- 
gress on redesign of the centrifugal, and it is expected that 
this one mill will attain a production of between 400,000 and 
500,000 lbs. of the product next season. There is evident 
demand for many times this amount of aconitic acid for use by 
manufacturers of plastics, especially for production of valu- 
able-plasticizers. Details of the process have been made 
available to the industry in Burcau Mimeograph Publication 
AIC-132, and other mills are interested in the possibility 
of adopting the process. 


Sugarcane Wax 


Work has continued at the Houma Laboratory on the ex- 
traction of sugarcane wax, and improved methods have been de- 
veloped for refining the hard wax product. Attention has been 
given to the fatty fraction separated from the crude extract 


and a number of higher alcohols, sterols, fatty acids anda 
other constituents of possible value have been isolated. 
Complete identification of these substances is in progress. 
An authoritative treatise on the subject has been prepared 
for publication by the Sugar Research Foundation. Extrac- 
tion of wax from clarification muds on a commercial scale 
is expanding in Cuba, and interest in the process is devel- 
oping in the domestic industry. 


Gane. Juice Clarification 


Attention has been given to the increasingly impor- 
tant problem of clarification of juice from mechanically 
harvested and burned cane, as well as from the new varic- 
ties being introduced. The effect of starch, and fat and 
wax impurities were investigated, and bentonite clarifica- 
tion at the normal pH was found to remove more wax than 
liming. Burned cane, especially during wet weather, yielded 
juice which could not be clarified with lime as the muds 
failed to settle at. a practical rate. It was found in lab- 
oratory tests at New Orleans that a combination of lime and 
fuller's earth effected clarification of a soured juice, and 
in practice one of the mills was enabled to continue satis- 
factory operation during a period when especially bad juice 
from wet, burned cane was being processed. Fundamental re- 
search is planned to determine the nature of the substances 
causing abnormally slow scttling, and the specific action 
of clarifying agents other than lime. 


Sugar Beet Storage 


Research on sugar beets conducted during the season 
in the Western beet areca was upon reduction of sugar losses 
in beet storage piles. Based on results obtained in coop- 
eration with Bureau of Plant Industry, Soils, and Agricul- 
tural Engineering on small samples placed in the piles, sev- 
eral large scale tests up to 40,000 tons in the largest Da Les 
were carried out, using both surface whitewashing and forced 
night air circulation. Temperatures were thus reduced, and 
data will be obtained on costs of these methods and the sav- 
ing, of susar effected. 


Chemical and Microbiological Evaluation of Beet Sugar 
Composite samples were received at New Orleans from 

all of the beet factories, and chemical and bacteriological 

evaluation of sugar quality factors were determined and re- 


ported as in past seasons. 


FARM-MADE SIRUPS (SUGARCANE, SORGO, MAPLE 
AND MAPLE SUGAR) INVESTIGATIONS 


Sorgo Sirup 


Work on improvement of the quality of sorgo sirup by 
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filtration was continued at the Auburn Station, and investi- 
gation of the structure and properties of sorgo juice starch 
was initiated. 


Candy Studies 


A major investigation under this project is the devel- 
opment in cooperation with the National Confectioners! Asso- 
clation of established and new types of candies using a wider 
variety of agricultural products. Efforts are directed to- 
ward the incorporation of refined soy, veanut, and other pro- 
teins to improve the nutritional balance of the candies. New 
type centers using less sugar and including protein were de- 
veloped by use of modified pectin with low methoxyl content. 
Fruit purees prepared at the Western ‘Regional Research Labor- 
atory have been used in various types, and assistance was 
given the Eastern Regional Research Laboratory in development 
of apple candies using apple essence and concentrate. 


TUNG NUTS INVESTIGATIONS 
Drying, Milling and Oil Extraction of Dehulled Nuts 


The Laboratories at Gainesville and Bogalusa are in 
close contact with all American tung oil processors, and ren- 
der assistance on practical problems in addition to conduct- 
ing research on methods of extraction and improvement of oil 
quality. Attention has been given to the technical and eco- 
nomic factors involved in applying solvent extraction for re- 
covery of tung oil from the meal. During the past year much 
of the work has been devoted to careful studies of drying of 
dehulled nuts and milling quality of such nuts after storage, 
Introduction of field hullers will require the mills to handle 
hulled rather than whole nuts, and conditions of drying were 
developed which permit the material to be stored for reason- 
able lengths of time without loss of efficiency in processing 
with the oil expellers generally in use. 


70 


LABORATORY OF FRUIT saND VEGETABLE CHEMISTRY 
LOS ANGELES, CALIFORNIA 
BH. ste Beavens, In Chargo 


CITRUS 


Standardization of Desert Grapefruit Juice 

The sugar-acid ratio of Desert grapefruit varics over a wide range 
during the canning scason, which makes it impossibic for the canners to 
put up a uniform nack. If the excess acidity could be neutralized to a 
selected point by the addition of a cheap salt, and the solids content 
raised to a fixed. Brix reading by the addition of sugar, then a standar 
ized pack could be prepared throughout the entire scason. 


It has been demonstrated that small ‘additions of basic salts to 
neutralize some of the high acidity of the mrly season grapefruit juice 
along with the addition of some sugar markedly improves the acceptabili- 
of the canned juice. As a result of this work, two commercial processo: 
are planning to put up experimental packs of approximately 1000 cases, 
each to determine consumer acceptance and SE eee with Federa * Food 
and Drug laws. ‘ 


Freezing Proservation of Citrus Purees: 

ie appears from preliminary experiments that orange purce made fro: 
_ whole fruit and sweetencd with sugar in the proportion of 4“to 1 and 
' 5 to 1 can be frozen and stored at O° F. for at least six months withou 
developing a strong "terpeny" flavor which would prevent its use in the 
manufacture of a commercial orange ice. One of the 1ld¢al fruit freezin 
companies packed small quantities of this puree to do some cooperative 
work with a local ice cream company on the preparation of some orange i 
samples. If this can.be done without development of the "terpeny" 
flavor, it will mean large quantities of this typo product can be pro- 
cessed and shipped East for use.by tho large ice cream companics. 


Keeping Qualitios of Chilled Frosh Citrus Juico 


Chilled orange juice now being prepared for rapid: distribution in 
Southern California has a storage life of only 3 to 4 days when kept at 
ordinary refrigerator temperatures. Investigation has shown that this 
juice is not deacrated, which undoubtedly accounts for its poor keeping 
qualities. Preliminary’ cxpcriments on the processing of fresh orange 
juice have shown that the storage life of this product can be increased 
to 10 or 12 days if the juice is deacratcd, stored in an air tight. con- 
tainer and kept at 38° F. If this can bo done. under commercial condi- 
tions, thes packers of fresh juice will be able to distribute a much 
botter product than they now have. 


Freezing Preservation of Citrus Scegmonts 


This past summer, o cutting of frozen grapefruit segments was held 
at the laboratory which was attended by approximately 30 people repro- 
senting the citrus industry in Southern California and jirizona.; Tho 


racinut ve 


Segments had been packed under varying conditions of sugar concentrations 
and combinations of sugar, with and without doacration, and the addition 
of ascorbic acid. The samples had beon frozen at -25° F, and stored at 
-5° F. for six months. 


The general conclusion of all present was that the best samples 
were those in which the covering liquid was cithor.the natural grapefruit 
juice or natural grapefruit juico sweetened to 20° or 30° Brix by the 
addition of sugar. No improvement in flavor could be noted in the 
deacrated samples or thosecontaining the added ascorbic acid. 


4. new serics of sdmples are now being prepared cach month during the oo 
present grapefruit scason, using the juice syrups at the covering medium. 


Quick Freezing of Citrus Juices 
Be eat he a he Vir ate ace Taseieak ics adi amps 2 


Considerable research work is needed at the present time to improve 
the quality of frozon citrus juices, Most companies ream the fruit, 
package the screened juice in cellophane bags, freeze in calcium chloride 
brine with the juice exposed.to the air, seal and place tho bags in card- 
board containers. No cffort is made to deacrate or pasteurize the 
juices and the freezing time takes from 45 to 60 minutes. Experimonts 
are under way to study the effects of faster freczing using a rapid heat 
exchanger or slush freezer, filling the partially frozen juice -into-cans, 
hermetically sealing and finishing at -25° F, The effects of dearation, 
pasteurization slow freezing vorsus rapid freezing, and packaging are 
being studied to determine their effects on the quality of the juices. 
Physical and chemical changes’taking place in the stored juices are also 
being studicd, : 


CANNED TOMATO PASTE 
Chomical Composition of Commercial Tomato Paste 


Work has been started on a project to determine the chemical composi- 
tion of commercially canned tomato paste samples, and the influence of | 
processing methods and types of cquipment on tho loss or alteration of con- 3 
stituents which may affect their quality, flavor, loss of vitamins and i 
color. During the past tomato scason, a survey was made through twelve 
commercial tomato paste processing plants in Southorn and Contral California ; 
to study the processing mothods and types of equipment uscd and to obtain . 
samples from cach one for chemical analysis. ~ . . 

Tho effect or processing on the color reflectance and tho earotone and 
_ lycopene content of the canned tomato paste samples is of particular impor- 
tance. Color reflectance of the sixtcon samples will bo detorminod in the 
Hardy instrument at the Western Regional Research Laboratory. .i new rapid « aaa 
procedure has been worked out for separating lycopene from the tomato paste a 
in clear crystalline form. Chromatographic analysis of these crystals ro- 
vealed little, if any, carotene or xanthophyll as contaminants. . Colorless 
fatty substances decreasing adsorption were absont. 4. Simplo chromatographic 
method has been found for the separation of lycopene and carotene from 
tomato paste. Detcrmination of the scparated pigments may. be made either 
with a colorimeter or spectrophotonctor. Attempts to determine lycopene and | 
carotene as constituents in a mixture have been unsuccessful. 
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FRUIT PRODUCTS 


tone Peach Canning Investirations 
— gy aaa TO are 


Studies on the offoct of harvest maturity and method of ripening on 

anning quality of tho Elberta and J, H, Hale varieties of freestono 

2s were repeated, These studics were first conducted in the 1945 

eason in cooperation with the Irrigation Branch Experiment Station at ae 

rossor, and the Fruit and Vegetable Processing Laboratory of the Depart- OY 

mont of Horticulture in Pullman, For the harvest maturity study, fruit. 
ht stages of maturity, representing a range from early shipping-ripe 

“t-ripe, were harvested for each variety. Descriptive data on 

ity and data on chemical composition were obtained for each lot at 

ime of harvest, After ripening, all samples were again analyzed and 
entative lots were canned, For the ripening study, uniform lots of 

berta and J. H. Hale varieties were ripened under varying conditions 

mperature and humidity. Descriptive data were obtained on the 

‘ity of each variety at harvest and chemical analyses were made. 

ar data were again obtained on the fruit at progressive stages during 

ming and representative samples were canned, Results of these studies 

. not be available until quality evaluation and chemical analyses of 

-eammed samples have been completed. It is expected that these 


vestigations will be completed when the results from the two seasons 
f study have been combined. 


Better control of the color of commercially canned freestone peaches 
1 be possible as a result of information obtained on the influence of 

essing methods on the color of this product. Studies in progress on ae 
chemistry of peach pigments should lay the foundation for solving the . a 


oroblem of discoloration in the canned fruit of certain commercially 
able freestone peach varieties, 
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iitable handling. procedures arc employed. The Wenatchee Moorpark, 
the most extensively grown varicty in this area, is at present con- 
d unsuitable for canning. 


: ation Studios on Grape Juice 
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es on the use of ion exchange treatment for controlling the a 

of grape juice promise to solve the acidity control problem of sa 
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the Pacific Northwest packers. By use of this process the packer could 
accurately control the acid content of juice and could achieve a more 
complete cdetartration. The process would also parmit substitution of 
large tank refrigerated juice storage in place of tho present storage in 
S-gallon carboys. 


Prefreezing Treatments of Freestone Peaches 


These studies were continued in conjunction with the studics listed 
under Freestone Peach Canning Investigations. Representative samples 
from each lot of fruit were preserved by freezing. Results of these 
studies will not be available until quality evaluation can be completed 
and the data from the two seasons, 1945 and 1946, combined. 


Information on the effect of harvest maturity and method of ripen- 
ing on the quality of frozen peaches is needed by the rapidly growing 
freestone peach freezing industry. At present, serious losses in yield 
and quality are experienced by freezers because information regarding the 
effects of prefreezing treatment on quality is not well established. 


VEGETABLE PRODUCTS 


Froth Flotation Process 


as a result of last season's commercial operation in three camncries 
in the Walla Walla area, the canning industry gencrally is being foreed 
by the growers to accept the froth flotation process. Rejection oF 
nightshade infested peas by camers not equipped with the process 
resulted in dissatisfaction among growers. The apparent marketability 
of peas containing possible traces of oil residue also is encouraging 
general acceptance of this process. 


Canning Technology of Pacific Northwest Vegetables 
arrearage Oy 


Investigations on the canning technology of. vegetables grown in the 
Lewiston, Idaho area were continued in cooperation with the Department 
of Horticulture, University of Idaho. Crops under study during the 
period included peas, sweet corn, tomatoes, and green beans. Canned pea 
samples prepared in the previous period were graded according to U. S, 
Grades. Results of these studies will not be available until data on 
yields and harvest periods can be summarizod. 

Results of studios_.on tho canning technology of vegetables are prov- 
ing of importance to the cannins industry of this arca. Three commercial 
pea canners are interested in the possibilities of cstablishing a green 
pea canning industry in the Palouse area, This area annually grows about 
400,000 acres of dried peas. One commercial canner conductcd private 
experimental plots during the past scason. Further studics, including a 
series of planting dates, will be required before the suitability of the 
areca for green peas can be determined. Tentative rosgults on the tomato 
studics show John Bacr, now one of the commorcial varictics canneé in the 
Lewiston area, to be less suitable then a numbor of others on the basis 
of whgleness and color. . 
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itl ‘The projects of she icons Retedton laboratory are consider- 
oy ‘be essentially agricultural research. In the processing, ship- 
or storage of agriculturelcommodities, it is becoming more and 
evident that a detailed knowledge of the agricultural processes” 
ripening (and when possible, some control of that _process) would 


of great advantage. Several projects in the Enayme SMe have 
een directed ahaa the PDURSER Er 


Paetniints on of en ae by BeRaratos It has been Found that the 
ening. of grains, namely wheat and rice, is accelerated by ethylene — 
er they are harvested. Such artificial ripening should result in de- 

 ereasing the intensity of,the "sweating" period which immature grain 
dergoes. ‘An experiment on wheat indicated that this ee Case. 
ther ar or amerhe, 7: at 80 on rice, are considered necessa ary 

The repeated Syoncment of harvested Navel oranges with ethylene 

‘ sulted an a marked improvement in the flavor of the juice and a de- 
crease in the bitter taste that develops on standing. This improvement — 
a8 not enough to remove the bitter principle entirely and therefore 
eriments are underway to stimulate the ripening while the fruit is 
11 on the tree. ee oranges of these tests” are not yet available SO. 


ae Cennected with the Metabolism of Citrus and the Quality 
ruit: An enzyme capable of splitting phosphoric acid from certain 


ic phosphates has been feund in the peel and juice of citrus fruits. Par 


ooo of phosphorous are probably involved in the carbohydrate 
The preparations of this enzyme (which may be 

? Sg have also the property of transferring phosphoric acid from 

an organic phosphate sto any one of a large number of aleohols. This is 
- an unusual reaction that surely takes part in the formation of sugars 
Becdx acids. 


Oxygen transfer in citrus metabolism can take vi ie (in part) 
hrough the decomposition of terpene peroxides by peroxidase. It was 
ound that phenols and vitamin C may be oxidized. in this way. The de-- 


Changes in Starch Digesting Enzymes (Amylases) Caused by Ripen-- 
: These thanges have been followed in detail in wheat. The dextrin- 
| aes amylase (alpha-amylase) appears to remain constant in quantity . 
-oughout. the development and ripening of grain. This is the enzyme that 
1creases so greatly on sprouting. On the other hand, the sugar-forming — 
lase (beta-amylase) increases as the grain grows in size and then 
arent ly decreases as the grain ripens. The decrease is apparent only, 
during the ripening. the enzyme is changed from a soluble protein 
Lich is the active enzyme te an insoluble and also inactive protein. 
en ae inactive protein is partially broken down by a proteolytic 
n | again changed to soluble and active RTP Se. Therefore, 


ihe total amount of Us present in ahean: remains PAY oie ares 

\ ripening, but its apparent. activity decreases. Since. proteolytic. . 
enzymes are active during sprouting, the re appearance a active amylase 
at that time is. readily understandable. 


Me The preparation of’ malt is essentially a ‘sprouting process and ray 

the best malt is known to be that which shows a definite proportion parce 

_tween the dextrin-forming and the sugar-forming enzymes. Sometimes the © 

increase in dextrin-forming enzyme is greater than the re-activatien of 

- gugar-forming enzyme should be. Then the malt is poor because it is low 

van sugar-forming enzyme. We found that such malt may be improved by add- 

ing extra sugar-forming enzyme from another, source. One of the riches ya 
sources is the sweet potats. The enzyme (beta- amylase) occurs in the 


“cae of sweet LRaang. and may be ae ial ted > Bee the evaricn anya Le 
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! Since the press juice from sweet potatoes 
high in beta-amylase, experiments were made to sinban brats and purify fh 
enzyme from that source. The results led. to the preparation of erystal~ - ~ 
line beta- amylase which has thus become the first: ronzymiey of carbohydrate 
| Pye olyets to be. obtained in. the pure state. 


Ripening and Changes in Fat: The appearance of fat during iHeins 
ay ‘development of olives has been followed throughout the present year, be) 
‘the hope of finding a fat-splitting enzyme during some stage of the growt: 

vad ripening. Data showing correlation between fat content, age and sizes 
have been ebtained, but no lipase was found during the atine course of | 
se work: Either our technique omits some essential detail or else the 
fat-splitting and tancidity that so frequently develop in impure oils i 
due to ether causes, Similar work on ripe rice during storage has alse 
given negative results for lipase, although rice oil develops rancidity — 
and free fatty acids with extreme ease. One observation that may turn 
out to be a valuable lead has been made. It was found that fat- . 
ie splitting and rancidity in rice could be accelerated by subjecting the — 
ots te high pressure for a short time. . 


_ Phytochemical Sthaiess’ 
_ metabolism is rapidly being ane NG HE We have prepared the prpeeaa * 
- part of one such complex from wheat flour. The preparation was subse- 
Secale Bes and obtained in crystalline form. It nae ah “named 
“pyurothionin" because ef its seurce (wheat), 
“highest sulfur content as yet observed for any pure protein. It is esse 
tially a protamine and is quite toxic to many microorganisms and (on in-_ 
OT eioa) bar small animals. If this protein were re-combined with a lipi 
é its function should be easier to discover. The need for a lipid of know 
and. definite composition to combine me ty Hae eal led ys te * at enae 
synthesis of cephalin. 
in geod yields by what is ‘thought ¢ fo) “be an Ventarely 1 new “reaction: for si 


i. | DIVISION OF BIOLOGICALLY ACTIVE CG{FOUNDS a 


Geerre W. Irving, Jr.e, Hoad 


BASIC INVESTIGATIONS IN THE CHEMISTRY OF AGRICULTURAL PRODUCTS 


Investizations cn the Biochemistry of Plant Disease Resistance 
‘pag Experimentaticn has been continued in the investisation of 
: economically important plants for the presence of chemical sub- 
stances (antibiotic agents) that may be responsible for the re- 
‘sistance that certain varictics of these plants offer to disease 
causing microorganisms, 


A substance designated "tomatin", which inhibits the growth 
of the fungus (Fusarium) thet causes wilt disease in tomatoes, 
i has been found to be present in the tomato plant. Experiments 
ae incicete that temetin probably plays en importent role in the 
defense mechenism of the tomato toward the wilt-cousing funguse 
Antibiotic agents nossessing tematin-like activity have also 
been foune to occur in several other economically important plants 
and it is believed that th se tematin-like substances may be re=- 
sponsible, at least in part, for the disease resistance of these 
plants. This work partially suvstentiatcs a new concent regarding 
the mechanism of disease resistence in plants. Because of the 
seriousness cf rlant disease as an agricultural yroblem, full and 
immediate exploration of this new, promising concept is being 
p undertaken. 


In addition to its pronounced effect unon plant disease 
organisms, tomatin has also been found te exert strong in- 
hibiting action toward the growth, in culture, of many of the 
fungi thet ceuse disease in man and animals. This is highly 
ra sipnificant since the medical profession has no drug which is 
x effective in controlling funeus infections even thoush they “re 

ameng ‘the most prevelont end serious of humtn diseases. Co- 
operative exneriments with the Duke University Medical School, 


ee Durkan, N. Ce have shown that the tometin preparations now 
eas availeble are sufficiently non-toxic to permit limited parenteral 


administration in cxnerimentel animals and efforts are being made 
to accelerate the in vivo testire of tomatin to asccrtain its nossible 
theraneutic valuce 


Investications on the Mechanism of Action of Plant Growth 
Rerulating Substances 

Research has continued on the synthesis of chemicsl compounds 
(plant hormones) thet are caprble cf modifying the growth process ; 
in plants and on the investisation of the mode of entry, trans- 
port and mechanism of action and fate of these compounds in the 


plant. 


The application of organic chemicals to nlants te produce 
modifications in the rate and tyne of growth is now widely 
nracticed experimentallye Since these effects are produced by 
the application to the plant of infinitesimal amounts of different 
chemical compounds, the cost of such treatment is small enourn 
to permit farm-scale application with resulting increases in beth 
the quantity and quality of agriculturel crops. However, in some cases 
"hormones produce, simultancously, undesirable as well as desirable 


Sebi 3 ats ci at ia. eas Woroa ee that produce ae ASE a 
and the minimum of undesirable effects must be “found. 
Bess - accomplish this, the mechanism of action in the plant 
plant hormone must be thoroughly investigated and unde 
that a fundamental basis for evalueting hormonal ey oye 
terms of chemica ny sheer is ean be establi shed. ras 
ome | It has been boesiere. far this Division to take immedi: 
3 advantage of new research tools” recently: made available for- 
eye” chemical research of this type, namely, the radioactive chemi 
elements resulting from atomic bomb investigstions carried out 
Ae during the War. A plant growth regulator, containing» radio: 
ey jodine as a tracer atom, was synthes sized, applied to bean and 
3 seedlings’ and’ its entry and translocation in the test pls is aaee 
ay P followed by measurement of the redioactivity of varisus ports. oy eae 
Bre the sesamin By this means it was possible: Ey ‘demonstrate for” “the” 
eae? first time that a plant growth regulator is absorbed by both — 
43  {dicot.) and barley (monocot.) plants, that it is translocated 
= S dominantly to the terminal bud and hypocotyl of the bean plent ¥ 
? reatest reduction in growth occurs, and that it is tra nelocateaey 
oredominantly to the second leaf of barlcy plants where ee 
se _* 4nhibition is insignificant. Since the growth regulator is aa 
ea absorbed by both bean and barley plants it must “be inferred = 
thet thé growth inhibiting effects of the” Pesulaton sow: YS ee is 
‘Goes lean Seles plants and the failure of the regulatorter 2) same 
produce significant inhibition in monocotyledonous plants must =e 
‘ ebey-due ature to differences in the regulstor concentrations in- 43 
See the two plant tybes or to difference in) the manner in which the so 
en regulator reacts with the plant constituents in edchwenses 2 Soe 
“Experiments are continuing to ascertain which of these tvo ; a 
\ alternatives is correct and to gain information on the ne.ture” ete 
eS he the plant constituents with which the growth regulator combines t 
Rear be exert its effect on the metabolic process of the pian es ea 
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PHARMACOLOGY INVESTI G4TIONS i 


Citrinin.e 

Citrinin is an antibiotic produced by Penicillium citrinum when 
grown on a culture medium derived. from waste asparagus butts. Inves- 
tigations on the texicity, ocharmacological oroverties, and mechanism 
of action of citrinin heve been comoleted and the results oublished 
in The Journal of Pharmacology and Exoerimental Therapeutics. Citrinin 
was found to have oharmacological actions similar to those of vilo- 
earpine and acetylcholine. 


Nicotine Derivativess 

The acute toxicities of l-nicotine and myosmine were determined, 
and the actions of the two compounds on the isolated intestine, and 
uteri of guinea pigs were studied. Myosmine was found to have about 
one-tenth the acute toxicity of l-nicotine after oral administration 
and one-sixth after intraveritoneal administretion» Myosmine in a 
concentration of 1:12,500 caused contractions of intestinal segments 
similar to tose produced by l-nicotine in a concentration of 1: 
2,500,000. Neither compound had any of teot on the isolated uterus 


Rutin.e 

Rutin, a rhamno-glucoside of quercetin, obtained from buckwheat 
has been shown to be beneficial in clinical cases cheracterized by ab- 
normal permeability or frazility of the capillaries. To obtain an 
understanding of the mechanism of action of rutin its pharmacological 
properties are being investigated. Rutin has been shown to inhibit 
the oxidation of epinevhrine snd to prolong its action on smooth 
muscle structures. Under avzrovriate conditions of dosage and, time 
of administration rutin has been shown to »revent death from histamine 
in guinea pigs. 


Ascorbyl Palmitate. 
Escorbyl palmitete is a fat soluble derivative of ascorbic acid 
ee prepared by the Pastern Regional Laboratory and shown to have anti-= 
oxidant properties. Pharmacological studies have shown that the low 
serum phosphatase values cheracteristic of scorbutic guinea pigs ere 
raised to comparable levels by equimoleculer amount of ascorbic acid 
ei and ascorbyl palmitate. Ascorbyl palmitate is therefore a fat soluble 
Re source of vitamin Ce 


Cottonseed Mealy, 

he Southern Revional Laboratory has develoned a vcrocess for 
defatting cottonseed meal and rem oving the nigment glands. Toxicity 
studies on the defatted-depigmented meal have shown that rats eating 
a diet pope as high as 30 per cent of the meal grew as well as 
control rats» but that rats eating a diet containing as little as 0-25 
per cent of the vizment gland fraction showed a significant inhibition 
of growth. This investigation proved that the toxic factor in raw 
cottonseed meal is in the ovigment sland fraction. 


ae ea ‘the Onin ee sacchari fica 
ae No rthern Regional peeineneas : 


een 


The product contsins avprecieble Wie: 


ie epa 


eet, concontretions of these che eas sroduesd a similar in b 


Starch Powders s ‘ . ete atl dg 
7 Various starch: powders. have been vrepered by the Northe 
ay eae Lt ies hoved that one use for Misi Sear phaed 


Pity to withstand cease cae in ‘Sees Sr loaeae real ae 
body reactions in the pene en aes cavities of experimental SaiLap Ti 


fied serologically in each of I71 samples of high (lh to 6%) 

ire spray-dried whole egg powder (manufactured for Lend-Lease | 
it). findings demonstrated that egg powder is frequently con- 
ed with: more than ene Salmonella wen For aches as many 


20 to 30 ase picks were spent Although Spinbinations of 
differed, no one combination was more common than another. 
neral, the probability of isolating more than one Yalmonella 
per: sample’ is increased as the number of presumptive-positive 

identified per sample.is increased. . 


sis cultures isolated from as many samples of egg 
r, 117 which were forwarded to Dr. P. R. Edwards (Lexington, 
ky, Salmonella Typing Venter) were found to be antigenically 
d to the “Arizona" group. Fourteen of the 19 antigenic combi- 
ns within the Arizona group were represented. The 117 cultures 
lactose +, sucrose -, H»S.+ and indol -. They failed to give 
ons with the five basic Salmonella "0" sera (B, Cj, Co, D, E). 


J 


‘Tom “3 ae re ei 4129 shell scrapings. The 30 isolations made 

the meats all petenced to Group D (Kauffmann—thite Schema) and 

identified as 5. pullorum. The 13 isolations made from the 
scrapings fell into Groups C] and & and were identificd as 
itevideo and S. anatum. 


Poultry eit cy. mon ee fen anne Onn oan 
_ S. Department of Agriculture, Washington, D. C. and/or 
» Quartermaster Food and Container Institute for the Armed 


shoe Salmonella were eat te ainLtdply rapidly n 
egg powder held at temperatures ranging from 25° to 
confirmed the Migaiems of; Haines: an T1liot (I. Byes 


eiatdine Coosreb egg is not advised, it cetaeae it 
holding should be at réfrigeration. Bepby uae aig os ee 
recovered from test scrambles (soft) prepared from botF 
and naturally contaminated reconstituted egg powders. | 


a A 


_ other third at the Naval Stores Station, Olustee, Florida. 
, The chief lines of investigation at present are outlined below, 


Po le 


ea ne Eonar ts | 
INVESTIGATION OF NAVAL STORES PRODUCTION, 
z PROCESSES AND BQUIPMENT 
, : BE, SI AEIEEE GR RG CS RTT TTS ACTS" ea Raa epson x 


Processing of Pine Gum 
a re eee ea 


During the past two years, a new and improved method has 
been developed for the continuous flash distillation of pine 
gum. Heretofore, all pine gum has been distilled in small 

batch stills. The new method provides for continuous distil- 
lation at atmospheric pressure. This results in a more miform 
product, better steam economy, and a marked reduction in labor 
“costs. A sriall commercial size continuous ‘flash still has been 
desimed, built, and operated, A public demonstration of this 
still, held early in December 1946, created a great deal of in- 
terest and much favorable comment throughout the industry. 
These studies will be continued cn a larger scale in coopera- 
tion with various naval stores producers. 


Studies of Cup and Gutter Materials 
eS 


Gum rosin producers are showing increasing interest in 
the use of sulfuric acid to stimulate the flow of gum from 
pine trees, as advocated by the Forest Service. This necessi- 
tates a search for cup and gutter materials which will be 
-acid-resistant. Tests. have been conducted at the Naval Stores 
Station with aluminum, stainless steel, and vitreous enamelled 
“steel. To date, no entirely satisfactory material has been 
found. These tests are being continued, tomether with various 
synthetic resin coatings. | 


INVESTIGATION OF THE COMPOSITION, COMPONENTS 
Pre AND DERIVATIVES OF NAVAL STORES 
: ESS Oe aa Lae TA eo OR 


i 


Synthetic Elastomers from Turpentine Derivatives 
he OO — 
_ Products, such as isoprene and myrcere derived from the 
poNe Series) i ; 

alpha and beta pinene, respectively, of sum turpentine, have 
been copolymerized with styrene under a wide variety of con- 
mcs ditions. Some of the isoprene-containing polymers show a 
relatively high tensile strength and elongation when com- 
pounded and vulcanized according to standard techniques. 


‘The work of the Naval Stores Research Division is divided: 
roughly, two thirds of it is done in New Orleans, and the 


“ ghemical derivatives Hoe dink vast beta pinene. — 
hydration products, chlorinated compounds, and 
information on the reactions and structures of these 
is being accumulated with the ultimate object of ev 
new industrial uses for turpentine, es 
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INVESTIGATION OF THE USES OF NAVAL STORES =——™ 


Purification of Sedat aan 2 Rosin 


Increasingly large quantities of atatyhiostlys dehydro 
genated rosin are being used in the manufacture of synthetic. 
rubber,. specifically GR-S 10. Certain impurities are present — 
in the product which decrease the rate of polymerization wee: 

and/or the yield of polymer. It has been'found that if the ~ 
dehydrogenated rosin be dissolved in petroleum naphtha and oe 
Seabee through towers of fullers earth or other adsorbent — ayia 
silicate the undesirable impurities are removed. and an Bae = hae 
proved areas coneter ihe rosin is: obtained. This fives better. San 
yields of polymer when used as an emulsifier. The impurities = 
adsorbed on the fullers earth are easily dissolved off with bp Soa ay 
alcohol so that the adsorbent can be used over and over againe 
After a patent application had teen filed, this method of puri- 
fication was discussed with a commercial ppanider of dehydro- 7 : , 
geneated rosin. Re ee ai Sau EE 


Utilization of Resin nats 


Considerable work has been done on the preparat ion aes 

the maleic anhydride adduct of 1l- pimaric acid from pine Pai 

~The conditios necessary for the nearly 9 quantitative | separa- 
tion of this adduct have been determined. It has also. been. = 
found that varnishes having excellent hardness and water | ieee VF 
resistance can be prepared by esterifying the mixed mono- and 
diglycerides of linseed oil with this addition product of maleic 
anhydride snd l-pimaric acid. Further studies are under way on 
the effect of oscid stimulation of Dine trees or: the composition 
‘of the pine gum produced and the effect of such changes, if anys 
on the utilization of the rosin obtained. Sk ek, ae 


Compilation of Statistics | ee ae eer egonee AO a op, 2 


Comprehensive statistics have keen ‘compiled and ‘publish 
quarterly on the production, consumption, and stocks of ri 
turpentine, and other naval shores Pies Such date an 


owe 
1 stores 


